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ABSTRACT 
A high resolution gravity survey was performed over portions of McLean, 
Mountrail, and Ward Counties in central North Dakota during the fall and winter of 
1990-1991. The study was performed to locate and map Pleistocene sand and gravel 
aquifers. Well data indicate that aquifers beneath the study area range in thickness 
from 1 to 60 meters. The Bouguer gravity anomalies resulting from these shallow 
aquifers was estimated to be on the order of 1 to 2 mgals. Previous studies have 
focused on available well data and by mapping topographic lows. Due to the inferential 
nature of these studies, the detailed gravity method was chosen as an attractive and 
cost-effective method of further defining these aquifers. 
Station locations were established at 0.4 km spacings along accessible roads 
using the Global Positioning Satellite system. Of the 4000 stations that were occupied, 
approX1mately 2700 station locations were satisfactorily produced. 
The gravity readings were obtained by using three La Coste and Romberg Model 
G gravity meters. Corrections for meter calibration, solar and lunar tides, instrument 
drift, station latitude, and elevation were made by the computer program GRAVPAC 
(LaCoste and Romberg, 1989). The resulting Bouguer gravity anomalies were examined 
for suspect data. Questionable data were removed. 
Strong regional components to the gravity field necessitated the use of filtering 
methods. These methods included using published data, upward continuation, and 
wavelength filtering. The upward continuation and. wavelength filtering were 
xi 
l.i•••(i 72 
performed using the computer program FFTFIL (Hildenbrand, 1983). Both the 
published data and the upward continuation methods produced reasonable regional 
anomaly patterns, but difficulties were encountered when attempting to remove the 
regional field from the Bouguer gravity anomalies. The wavelength filtering method 
yielded satlsfactoiy results using a filter window of 1.5 km to 10 km. The regional 
field was compared With structure contour maps produced from deep oil well data to 
ensure that an appropriate field had been removed. 
A three-dimensional computer modelling program was written to simulate the 
observed gravity anomalies. Forward modelling was then performed by adjusting 
density contrast, depth and thickness parameters. Shallow water well data were used 
to establish initial model parameters. The modelling generated reasonable results 
which made it possible to infer probable channel locations, depths, and thicknesses. 
The major limitations of the computer modelling were lengthy processing times and 
limited geologic data. 
The filtered gravity signals show several discernible low anomaly patterns which 
are interpreted to be stream channel aquifers. Aquifers with significant density 





The impetus of the study was to locate and map Pleistocene aquifers 
underlying the Fort Berthold Indian Reservation located in central North Dakota by 
means of a detailed gravity survey. Glacially deposited material covers much of the site 
obscuring ancient channels which drained to the northeast {Bluemle, 1971, tnmer, 
1973, Davis, 1953, Clayton, 1972, Dingham and Gordon, 1954, and Wilson, 1967). 
These sand and gravel channels should theoretically produce lower gravity signals 
than the surrounding glacial till material and thus be mappable by gravity methods. 
Previous attempts at mapping aquifers in this area included examining well data 
(Clayton. 1972, and Bluemle, 1971) and by mapping topographic lows or "sags" (Davis, 
1953). The first method is expensive and highly inferential in nature and the second 
method gives no information on the sediment beneath these features and may miss 
aquifers concealed by the glacial drift. Based on these facts, a detailed gravity study 
was determined to be an attractive and cost-effective method of locating buried aquifers 
in the area. In addition, the study was designed to demonstrate the viability of using 
the Global Positioning Satellite (GPSJ system in large scale gravity surveys. The field 
work for this study was completed in the fall and winter of 1990 - 1991. 
WCATTON 
The study area is in central North Dakota and includes portions of McLean, 
Mountrail, and Ward counties. The study area is bounded by North Dakota state 
Highway 23 on the north, Lake Sakakawea on the west and south, and by a 
1 
2 
north-south line at approximately 10 l' 50' west longitude on the east (see Figure 1). 
To facilitate data analysis, the study area was separated into o portions. The portion 
east of the Van Hook ann of Lake Sakakawea is referred to as e Parshall area (Figure 
2). The area to the west of the Van Hook arm is referred to as e New Town side 
(Figure 3). 
PHYSIOGRAPHY 
The Fort Berthold Indian Reservation lies Within the N 
Physiographic Province, and includes the Coteau Slope and M ssouri Trench 
physiographic units (Knudsen, 1974). The area is characteriz d by gentle slopes and 
local relief ranges from 15 to 60 meters. The Coteau Slope Ian arms are 
predominantly the result of glaciation (Williams and Bluemle, 978). The Coteau Slope 
unit can be described as having moderate relief With the topog aphy being mainly 
stream-dissected bedrock with a veneer of glacial deposits (Blu mle, 1971). The area 
has numerous streams which are tributaries to the Missouri ver and few lakes and 
sloughs exist in this area (Clayton, 1972). 
The southern and western sides of the study area are b unded by the Missouri 
River which flows in the Missouri Trench physiographic unit. e trench is generally 5 
to 8 kilometers Wide and has a maximum relief of 60 to 75 met rs. The sides of the 
trench consist mainly of badlands topography on the Sentinel utte (Tertiary) 
Formation (Bluemle, 1971). The Missouri River Valley south of Sanish, N.D. is 
relatively narrow and steep sided compared to upstream and d stream segments of 
the river which indicates that this portion of the valley is more ecent (Dingham and 
Gordon, 1954). The evidence indicates that the river followed a different route 
downstream in the past, and topography suggests that the rive cut through the study 
area to the SO}'ltheast. This abandoned channel would contain 
I 
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deposits and could be a source of water. Topographic maps o the Parshall and New 
Town sides of the study area are presented of Figures 4 and 5, espectively. 
REGIONAL SETIJNG ANO STRUCTURE 
Regional structural features can have a significant influ nee on the 
gravitational field. It was necessary to examine the regional ge logy to understand 
what influence these features might have on the measured gr 
structural feature in the Northern Great Plains is the Williston 
is located on the east side of the Williston Basin. The Williston Basin is an 
intercratonic structural and sedimentary basin containing se · entary rocks from the 
Cambrian through the Tertiary (Carlson and Anderson, 1965). ere are up to 4000 
meters of pre-glacial sedimentary rocks beneath the study area (Williams and Bluemle, 
1978). Regionally, the rocks dip to the west from less than 12 eters per kilometer in 
Upper Cretaceous rocks to over 25 meters per kilometer in Pale zoic rocks (Bluemle, 
1971). 
The largest structural feature in the vicinity of the site i the Nesson anticline 
which was first mapped by Collier (1918). The Nesson anticline is a north-south-
trending feature, the axis of which is located approximately 40 to the northwest of 
the study area. The Keene Dome in McKenzie County 
west of the study area (Nevin, 1946). 
A broad, north-trending syncline with an axis centered 
town of Elbowoods is located near the southwest comer of the shall side of the 
study area. Several minor flexures are superimposed on this gor syncline. These 
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trending anticline east ofElbowoods and north of the Missouri River (Dingham and 
Gordon, 1954). The Antelope anticline extends into the northwest comer of the Fort 
Berthold Indian reservation immediately to the west of the study area and the 
Bismarck shear zone extends through the study area to the no_rthwest (Williams and 
Bluemle, 1978). The Max Moraine was deposited on a bedrock high located to the east 
of the site. This morainic deposit is roughly parallel to the Bismarck shear zone and 
there is some speculation the bedrock high is the result of a structural feature (Lemke, 
1960). The structural features mentioned above are shown on Figure 1. 
STRATIGRAPHY 
In addition to structural features discussed above, stratigraphic variations can 
exert a strong influence on the measured gravitational field. Specifically, variations in 
the density and thickness of the formations lying beneath the study area can result in 
anomalous values at the surface. For this reason, an analysis of the stratigraphy of the 
area was undertaken to estimate the possible influence that these variations might 
have on the gravitational field. 
The stratigraphic column of North Dakota is shown on Figure 6. Portions of 
this column are present beneath the study area. The preserved sedimentary section in 
the vicinity of the study area consists of approximately 4000 meters of elastic rocks, 
carbonates and evaporites (Williams and Bluemle, 1978). The elastic rocks consist of 
sandstones, siltstones, and shales. The carbonates consist of limestones and 
dolomites and the evaporites include salt deposits and anhydrite (Bluemle, et al. 1986). 
These rock units thin to the east. Based on well logs, the densities of the sedimentary 
rocks range from .1.8 to 3.2 g/ cm3 • A density log of a portion of the stratigraphic units 
beneath the study area is shown on Figure 7. 
..,.;J.· 
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Figure 6. Stratigraphic column of North Dakota, modified from Bluemle, 
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Figure 7. Partial density log of stratigraphic units underlying the study area. 













































Prior to glaciation, the topography in western North Dakota was rolling plains 
dissected by streams which flowed to the east northeast (Bluemle, 1971). Rolling hills, 
buttes and badland topography had been carved on the Tertiary deposits (Kelly and 
Buturla, 1967]. In the study area, exposed rocks consisted of the Bullion Creek and 
Sentinel Butte Formations. Both the Bullion Creek and the Sentinel Butte Formation 
consist of alternating beds of clay, silt, sand and lignite (Clayton et al., 1977]. 
The Bullion Creek consists of buff to orange buff gray sands and clays that 
range from poorly to fairly well cemented (Bluemle, 1971). The sands are commonly 
cross bedded. The Sentinel Butte Formation in McLean County consists primarily of 
light gray to brownish gray sands and silts (Bluemle, 1971). Silt and clay beds make 
up approximately 60 percent of the Sentinel Butte Formation and 80 percent of the 
Bullion Creek Formation, and sand layers make up approximately 35 percent of the 
Sentinel Butte Formation and perhaps 15 percent of the Bullion Creek Formation 
(Clayton, 1972). Several sand layers 1 to 5 meters thick occur in the Sentinel Butte 
Formation and one widespread layer as much as 30 meters thick is exposed near 
Parshall. The average wet density of the Sentinel Butte Formation in Mountrail County 
is approximately 2.1 g/cm3 (Clayton, 1972). 
The Bullion Creek Formation is distinguished from the overlying Sentinel Butte 
Formation by a thick sand layer at the base of the Sentinel Butte Fonnation and by the 
color (Clayton, 1972). The Bullion Creek Formation is generally light yellow;whereas 
the Sentinel Butte Formation is a grayish brown (Clayton, et al, 1977). 
The Bullion Creek and Sentinel Butte Formations were deposited on flat 
swampy plains which sloped away from the newly risen Rocky Mountains. Eastward 
flowing rivers deposited sand layers as bar deposits. Sand was also deposited along 







the shores of shallow lakes. The silt and clay deposits settled out of floodwaters of the 
aforementioned rivers and were also deposited as part of offshore lakes (Clayton, 1972). 
The Bullion Creek Formation outcrops in the Missouri River Trench near 
Sanish (Williams and Bluemle, 1978). The Sentinel Butte Formation is exposed in 
several places in the study area where glacial drift is absent (Clayton, 1972 and 
Bluemle, 1971). 
The climate gradually changed from tropical to temperate during the Tertiary. 
Following the deposition of the Bullion Creek and Sentinel Butte Formations, eastward 
flowing rivers continued to deposit gravel, sand, and floodplain muds. The sand and 
gravel deposits consist of dark brown cherts, limestones, and dolomites, suggesting 
that they were derived from the Rocky Mountains or Black Hills. The climate 
continued to cool until the glacial age of the Pleistocene (Clayton, 1972). 
GLACIAL GEOLOGY 
The glacial geology of the area is of great importance to this study. During the 
Pleistocene, several glaciers reached the study area and deposited dense glacial till. 
The glaciers not only deposited this material, but also diverted the drainage from the 
northeast to the southeast. Thus, the pre-glacial channels, composed of porous, low 
density sands and gravels, should be readily identifiable by gravity methods. 
The earliest glacial event known to have reached the study area was a 
Pre-Wisconsinan (Iowan?) event which extended past the present course of the 
Missouri River (Clayton, 1970, and Lemke and Colton, 1958). Scattered boulders, 
referred to as the Dunn drift (Clayton, 1970), are the only remnants of this event. A 
subsequent glacial episode deposited a thin blanket of drift (named the Napoleon drift 
by Clayton, 1966) over the rolling preglacial topography. This advance also pushed its 




(Clayton, 1966). In late Wisconsinan time another ice sheet advanced over the study 
area and was halted near New Town (Clayton, 1972). A diagram showing the glacial 
history of the area is shown on Figure 8. 
Bluemle (1971) placed all of the glacial sediments within the state of North 
Dakota into the Coleharbor Group. The three main facies of the Coleharbor Group are: 
1) interlayered bouldery, cobbly, pebbly, sandy, silty clay, 2) sand and gravel, and 3) 
silt and clay. The Coleharbor group can be subdivided into the Charging Eagle, 
Medicine Hill, Horseshoe Valley, Snow School, Coteau, and Oahe Formations (Ulmer, 
1973, and Sackreiter, 1973). Several of these formations, or members of these 
formations, are sand and gravel channel deposits which might produce recognizable 
gravity signals. Their cyclical nature may also indicate that drainage returned to 
pre-existing channels between glacial episodes. The following are brief descriptions 
from the above references. The Charging Eagle Formation is described as being a 
fluvial sediment consisting primarily of silty sand. The source of most of the sediment 
of this formation was from streams flowing from the west, with a small amount being 
deposited from the northeast by glacial meltwater. 
The lower member of the Medicine Hill Formation is poorly sorted silt, sand, 
pebbles, cobbles, and boulders. The lithology of this fluvial sediment again suggests a 
westerly source, or northeasterly flowing rivers. The upper member of the Medicine 
Hill Formation is a pebble loam glacial sediment. 
The lower Horseshoe Valley Formation consists of silt, sand, pebbles, cobbles 
and boulders. This deposit is also interpreted as being fluvial sediment derived from 
the west and deposited by northeastward flowing streams. The upper member of the 
Horseshoe Valley Formation is a glacially deposited, very compact, nonbedded loam. 
·~ 
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The Snow School Formation consists of lower, middle and upper members. The 
lower member is poorly sorted silt, sand, pebbles, cobbles, and boulders. This member 
was again deposited in low areas by fluvial processes. The middle member is both 
fluvial sand and gravel and a reddish-brown, sandy pebble loam. The middle member 
may be the result of a slight advance of the glacier, and its deposition does not seem to 
depend on paleotopography. The upper member of the Snow School Formation is 
described as being a very compact, columnar-jointed pebble loam. It also is a glacially-
deposited sediment. The upper member has numerous pockets of gravel which were 
apparently deposited by glacial meltwater streams. 
The Oahe Formation is a wind-deposited sediment consisting primarily of silt 
and clay. During dry periods, silt and clay derived from bottomlands were deposited 
over the Snow School Formation. 
Near-surface depositional landforms which could influence the gravity signals 
are primarily ground and sheet moraines (Bluemle, 1971). The southern end of the 
Blue Mountain end moraine extends into the eastern side of the study area in the 
vicinity of Roseglen (Figure 9). The Blue Mountain end moraine is an arcuate ridge 
generally ranging from 1.5 to 3 kilometers in Width and rising 30 meters above the 
surrounding ground moraine (Pettyjohn, 1967). Bedrock highs in front of the Blue 
Mountain end moraine c>.ppear to have been important in determining its position. 
Outwash deposits have been mapped in the vicinity of Roseglen (Bluemle, 1971). 
HYDROGEOWGY 
The primary types of aquifers in the study area are bedrock aquifers, buried 
stream channels, outwash valleys, and sand and gravel lenses within the glacial 
sediments (Annstrong, 1971). Bedrock aquifers include sandstone layers and fractured 
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lignite beds within the Fort Union Group. Buried stream channels are stream valleys 
that have been covered by glacial sediments and, along with buried outwash channels, 
will be the primary focus for the remainder of this paper. 
Prior to glaciation, rivers and streams in North Dakota drained to the northeast, 
presumably to Hudson Bay (Alden, 1932). Flint (1941, p. 163) made the following 
statement about the Missouri River: 
" ... the middle and upper segments underwent great changes because of 
blocking of the ice sheet. The upper and lower segments of the rtver flow 
eastward down the regional slope, but the middle segment, In the Dakotas, 
virtually contours the regional slope. Abandoned valleys filled with drift lead 
eastward from the eastern side of the Missouri River Trench, in apparent 
continuation of valleys entering the Missouri from the west". 
Evidence in the study area also suggests a northeastward trend in preglacial 
drainage. This evtdence includes bedrock valleys (Bluemle, 1971, Ulmer, 1973, Davis, 
1953, Clayton 1972, Dingham and Gordon, 1954 and Wilson, 1967), dips of crossbed 
features (Ulmer, 1973), and the lithology of the fluvial sediments. The lithology of the 
fluvial sediments indicate a western source, either the Rocky Mountains or the Black 
Hills (Bluemle, 1971, Clayton, 1972, and Ulmer, 1973). 
Leonard (1916) recogniZed that the continental ice-sheet produced important 
drainage changes in North Dakota. When the glacial ice sheets advanced from the 
northeast, the ice blocked off the northeasterly flow of streams and diverted the water 
to the southwest. As the ice retreated between glacial episodes, old valleys may have 
reestablished their previous northeasterly trend. Ulmer (1973) noted that the lower 
members of the Medicine Hill, Horseshoe Valley, and Snow School Formations all had 
cross bed dips to the northeast, suggesting periodic returns of flow to the northeast. 




followed many routes during the various glaciations and the intervening interglacial 
stages." Many of the major aquifers in the vicinity of the area, including the New Town 
(Figure 10), Shell Creek Bay, and White Shield aquifers (Figure 11), have been 
identified as buried river channels (Leonard, 1916, Davis, 1953, Bluemle, 1971, and 
Clayton, 1972). These aquifers range from a few meters to over 60 meters in thickness 
within the study area (Armstrong, 1971, and Klausing, 1974). 
29 
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METHODOLOGY 
GENEBAI, 
The New Town aquifer has a maximum thickness in excess of 30 meters 
(Annstrong, 1971) and the White Shield aquifer has sand and gravel layers ranging 
from 1 to 60 meters in thickness (Klausing, 1974). These buried channel aquifers are 
generally 1.5 to 5 km in width. It is assumed that these aquifers are porous and are 
therefore of lower density than the surrounding sediments. The theoretical gravity 
signals from these deposits would produce small amplitude (1 mgal or less) gravity 
anomalies. For instance, a channel that was 60 meters in thickness located 30 meters 
beneath the surface (depth to the top of the layer) and having a density contrast of -0.4 
g/ cm3 would produce a gravity anomaly of -1.01 mgal. Thus, to obtain good results, the 
tolerance for errors for the gravity survey was deemed to be + /- 0.1 mgal. 
To obtain the necessary accuracy ofO.l mgal, two requirements needed to be 
met. First, the gravity meters had to be accurate to values less than 0.1 mgal. Second, 
each gravity station had to be located within 0.5 m vertically and 400 m north-south. 
Due to the geometries of the buried channels and their sinuous nature, a station 
spacing of approximately 0.4 km was chosen. The data were collected during the fall 
and winter of 1990 - 199 L 
SIIRVEYING 
Based on a station spacing of 0.4 km, it was estimated that 4000 stations would 
be necessary to cover the study area. The Global Positioning Satellite (GPS) system 













staked out along all accessible roads at 400 m spacings. As many as four 16 channel 
dual frequency geodetic receivers were used during seventy surveying sessions. 
Approximately 4000 stop and go points were occupied during these sessions. 
Four reference stations were linked to a three-dimensional National Geodetic 
Survey (NGS) benchmark. Additional control was obtained by occupying twenty-eight 
USGS and two other NGS benchmarks. Up to 700 stations were reoccupied to check 
repeatability. Approximately 2700 station positions were successfully produced. The 
GPS data were processed at the University of Texas at Dallas. Details of the surveying 
can be obtained from Balde, et al., (1991). Station locations for the Parshall and New 
Town sides are found on Figures 12 and 13, respectively. 
GRAVTIY MEASl JREMENT 
Gravity meter operators followed the GPS crews to obtain the gravity readings at 
each station. The gravity readings were obtained by using three La Coste and Romberg 
Model G gravity meters (identification numbers G-707, G-720, and G-774). These 
meters have a resolution of0.01 mgal and a range of 800 mgals. 
Data acquisition was accomplished in a loop by occupying a reference base 
station, collecting data at other stations, and then reoccupying the base station at two 
hour intervals. To facilitate operations and reduce travel times between base station 
readings, three base stations were established. One base station was located at the 
Three Affiliated Tribes office in New Town, ND. and the other two were located near the 
towns of Parshall, ND and Raub, ND. Each gravity observation was made using three 
readings of the meter. After each of the first two readings, the dial was offset 0.1 mgal 
and then carefully restored until a stable reading was achieved. The average of the two 
closest readings was used for the value of the observation. 
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DATA BEDI JCTION 
Separate data files were created for the station coordinates and for the gravity 
meter readings. Corrections for meter calibration, solar and lunar tides, instrument 
drift, station latitude, and elevation were performed by the computer prograni 
GRAVPAC (La Coste and Romberg, 1989). Multiple slab densities for the Bouguer 
correction of 1.8, 2.1, 2.4, and 2.67 g/ cm3 were generated. A value of 2.67 g/ cm 3 was 
ultimately used for the density reduction. This value was arrived at by averaging the 
wet density values of the glacial drift and the Sentinel Butte Formations reported by 
Millsap (1985}. These values and the calculated wet densities are presented in 
Appendix A. 
The GRAVPAC program (La Coste and Romberg, 1989) was dimensioned for a 
maximum of 800 stations. This required breaking the grid up into smaller segments. 
Separate files for each gravity meter were created. The resulting corrected free air and 
Bouguer gravity anomalies for each segment were then combined in a spreadsheet. 
Once in the spreadsheet, the data was sorted by latitude and longitude and profiles of 
the data were plotted. Obviously suspect data w_ere rejected. Suspect data were any 
single point which deviated 3 mgal or more from the adjacent points. Crossing-points, 
or points at the intersections of north-south and east-west roads were examined to 
insure relative agreement. If deviations of greater than 1 mgal occurred in the crossing 
points, the values that were the farthest from the general trend were discarded. This 
was accomplished by visual examination and interpolation within the spreadsheet 
when necessary. 
The plotted profiles were also examined for possible tares caused by mechanical 
wear within the instrument or by the inadvertent mishandling of the gravity meters. 
Tares were identified as any rapid jump in amplitude from one station to the next, 





stations affected and adjust the values by the amplitude of the tare. In other cases, the 
data were discarded. 
After questionable data had been removed, 1722 gravity stations remained. 
Average values were calculated for both the Parshall and New Town sides. These 
average values were subtracted from the Bouguer gravity values resulting in relative 
Bouguer gravity anomaly values at each station. The anomalies were gridded using 
the program SURFER (Golden Software 1990). All plots were gridded using the kri.ging 
algorithm and the plots were smoothed using a tension factor of 2. The plots were 
generated using a 50 x 50 grid and blanking was performed for areas lying outside 
boundaries of the site (Figures 14 and 15 and Figures 16 and 17). The gravity data is 
presented in Appendix B. 
FILTERING 
Nettleton (1971, p. 24) noted that gravity maps are a combination of anomalies 
arising from shallow, intermediate, and very broad or "regional" sources. For purposes 
of this study, specifically locating buried aquifers, the shallow to intermediate sources 
were of interest and removal of regional sources was necessary. Several methods were 
employed to remove the regional effects of large structural features such as the 
Williston Basin. These methods included using existing data from the Geophysics of 




The Geophysics of North America database (Hittlelman, et al., 1989) was 
accessed and data from the study area were downloaded onto disk. It was reasoned 
that these relatively coarse grtd data ( 4 km spacing) could be used as a regional gravity 
- -- ----------------------, 
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Figure 17. 3-dimensional representation of relative Bouguer gravity anomalies -
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signal. The data were averaged, with the mean value being subtracted from each data 
. 
point and then replotted in SURFER (Golden Software, 1990) to the same grid size as 
the Bouguer gravity anomaly maps of both the Parshall and New Town sides of the 
study area (Figures 18 and 19). The GNA grid was then subtracted from the Bouguer 
gravity maps to produce a filtered map (Figures 20 and 21). 
/ 
Upward Continuation 
The basis for upward continuation is an application of Stoke's Theorem which 
states that if values of the earth's gravity are known on its surface, the attraction at 
any higher point can be calculated from the known values (Robinson and Coruh, 1988, 
p.307). Stoke's theorem can be expressed as: 
AgBP = 1 /N * {(~gBI * (hlA/21tR/ } } + (AgB2 * (~/21tR/ ) ) + .... } 
where: &g..P = Bouguer gravity at the point P above the earth 
N = total number of gravity values 
h = height of point P above the earth 
R = distance from each of the gravity values &g..0 to point P 
&g8 N = gravity value at position n 
A = area over earth's surface 
The purpose of upward continuation is to diminish the gravitational attraction 
of anomaly sources. Attraction of local sources is more drastically reduced than for 
broader regional sources . The result is a smoothing of the anomaly map and the 
regional patterns are more clearly displayed (Robinson and Coruh, 1988, p. 307). 
The Upward Continuation option of the computer program Fast Fourier 
Transformation Filtering (FFTFIL) of Hildenbrand ( 1983) was used to perform this type 
of filtering. Upward Continuation was done for distances of 1 km, 2 km, and 5 km and 
the results are presented on Figures 22 through 24. However, this operation has the 
,. 
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Figure 18. GNA gravity data for Parshall side of study area. -
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· effect of reducing the amplitudes of the resulting gravity values. Therefore, a constant 
multiplier was applied to the filtered values which were then subtracted from the 
Bouguer gravity anomaly values. The constant was arrived at by calculating a factor 
which would make the mean of the Bouguer gravity values equivalent to the mean of 
the upward continuation values. An example of the resulting filtered map is illustrated 
on Figure 25. 
Wavelength Filtedng 
The basis of wavelength filtering is that any pattern of variation along a profile 
can be reproduced by combining an appropriate selection of cyclic curves (Robinson 
and Coruh, 1988, p. 308). Any periodic waveform may be written as the sum of an 
inf1nite number of sinusoidal terms and can·be expressed in equation form. Thus, if 
the anomaly map can be represented by a number of cyclic curves, long wavelength or 
regional features can be removed by simply deleting those terms from the equation. 
Hildenbrand's (1983) FFl'FIL program was again used for the wavelength 
filtering. This program transforms the input data into the wave number domain by 
Fast Fourier Transforms. The Fourier coefficients are multiplied by the wave number 
response of the appropriate digital filter and the resulting coefficients are inversely 
transformed back into the space domain. 
Numerous runs were made at different wavelengths to delineate both upper and 
lower limits. The long wavelength was determined by comparisons of the ftltered data 
with the anomaly patterns generated by upward continuation and also with the GNA 
data. The lower limit was used primarily to eliminate noise and was determined by 
making incremental runs until the generated patterns showed little cyclical nature. 
The filter window was ultimately established at between 1.5 km and 10 km. An 
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Figure 25. Filtered map of Parshall side using 2 km Upward Continuation 
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illustration of the regional field extracted (wavelengths greater than 10 km) is 
presented on Figure 26. The final filtered gravity anomaly maps for the Parshall and 
New Town sides are shown on Figures 27 and 28. Three-dimensional representations 
are shown on Figures 29 and 30. 
Well Data 
Well data from published reports (Armstrong, 1969, Klausing, 1974, and 
Pettyjohn, 1968) and deep oil exploration well logs from state archives.were examined 
to better understand the geology and hydrogeology of the area. Twenty of the deep well 
logs were interpreted in detail and nine of these Oocations shown on Figure 31) were 
used for constructing cross-sections (Fig. 32 and 33). The interpreted data are 
presented in Appendix C. 
The regional structure of the study area was examined in detail by using 155 
deep wells in the area (Figure 34). The top of the Greenhorn Formation was used as a 
datum due to its characteristic electric and radioactive signals. A structure contour 
map was constructed (Figure 35 and 3-D Figure 36). The data are presented in 
Appendix D. The cross-sections and the structure contour map were compared to the 
regional gravity signals (e.g. Figure 26) to ensure that appropriate signals were 
removed in the filtering process and to ensure that no structural features were 
influencing the local gravity. 
The near-surface geology was characterized by examining shallow water well 
data in the vicinity of the site (Figure 37). Stratigraphic columns were plotted for each 
weil using the computer program STRATCOL (Guth, et al., 1987) and a computer 
program (RATIO) was Written to calculate the ratio of coarse-grained material (sand and 
gravel) to fine-grained material, coarse-grained material to well depth, and fine-grained 
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Figure 26. Regional gravity field produced from wavelengths greater than 
10 km- Parshall side · 
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Figure 27. Wavelength filtered gravity anomaly map - Parshall side 
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Figure 33. Cross-section B-B'. 
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mate.rial to well depth by using the STRAJ'COL input data files. The individual plots of 
the stratigraphic columns would be too volumlnous to present in this report, but 
abbreviated water well information is presented in Appendix E. Coarse-grained 
material to glacial drift thickness ratio maps (Figures 38 and 39), elevation to bedrock 
surface maps (Figures 40 and 41) and glacial drift thickness maps (Figures 42 and 43) 
were constructed from the water well data. The ratio maps were visually compared 
with the filtered gravity anomaly maps to look for correlations and were also used to 
establish density contrast parameters in computer simulations. The elevation of the 
bedrock surface maps were used to look for possible channels and the glacial drift 
thickness data were used to establish depth parameters in the computer simulations. 
Modelling 
A three-dimensional computer modelling program (SPHERE) was developed to 
generate gravity anomalies by inputting density contrasts, depths, and thicknesses of 
theoretical anomalous layers. This was done to obtain estimates of shapes and depths 
of sand and gravel layers which could be producing Bouguer gravity variations. 
The program works by dividing the area to be modelled into a grid with equal x 
and y spacings (lengths and widths). Each grid point, or node, requires the following 
parameters as input: 
1) Density Contrast - the difference between the density of the material in the 
layer to be modelled under the node from the surrounding material . 
2) Depth to the top of the layer to be modelled. 
3) Thickness of the layer . 
•·. 
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This division results in a checkerboard of blocks, with each block having 
equivalent x and y dimensions, but individual depths, thicknesses, and density 
contrasts (see Fig. 44). Each block is then "filled" with spheres in closest packing 
arrangement; specifically with two layers of large spheres, one layer of complete small 
spheres, and half spheres on the top and bottom layers (see Fig. 45). The number of 
spheres in each block is a function of the grid spacing and the thickness of the block. 
The number of large spheres in each layer in the x and y directions is calculated by 
dividing the grid spacing by the diameter of the large spheres. The radius of the large 
spheres is found by taking the thickness of the block and dividing by four. The 
number of small spheres in each direction is simply the number of large spheres plus 
one since there is an additional half sphere at the ends of the block. 
The contribution to the total gravity of each sphere is then calculated for each 
grid point. The gravitational contribution of a sphere to a particular point P, can be 
calculated using the equation: 
g, = G * ll.m * z/r 
where: g. = vertical component of gravity at location P caused by sphere 
z = depth to center of sphere 
r = distance from center of sphere to location P 
G = universal gravitational constant 
l'l.m = change in mass caused by presence of sphere of different 
density from surrounding material 
For a sphere, the change in mass can be found from the volume and the density 
contrast: 
l'l.m = 4/3 * 1t * d 3 * ~ 
where: d = diameter of the sphere 
llp = density contrast 
,, 
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Figure 44. Illustration of model grid division. The length and Width values 
(x & y) dimensions are equivalent to the spacing between grid 
nodes. The thickness of each grid block (t) is input as is the 
depth to each block (z). The program calculates the distance to 
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Figure 45. Illustration of closest packed arrangement of spheres in each model 
block. The number of spheres in each layer is determined by the 
length and width dimensions (grid spacing) and the thickness (t). 
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If g, is to be calculated in milligals, the density contrast is in g/cm3 , and d, r, 
and z are in meters, substituting the appropriate value of G yields: 
~g. = 0.02794 * d3 * Ap * z/r' 
Through a series of loops, the program calculates the contribution to the total 
gravity of each sphere at each grid node and sums the results. Void space between the 
spheres was accounted for by increasing the volume of the small spheres by making 
their diameter equivalent to 0.948 of the large spheres. To shorten processing times, a 
distance limit of 1000 m was included .in the program. When this limit was reached 
during the loop the program would proceed to the next grid node. This somewhat 
arbitrary value (1000 m) was chosen in this case because the contribution of spheres 
farther away from this value were relatively insignificant (maximum amplitudes on the 
order of+/- 0.03 rngals. cumulative effect). Greater layer thicknesses, and therefore 
larger spheres, would require adjustments to this limiting value. 
The program was configured so that an array of nine density contrast values, 
depth values and thickness values could be illput. The illput values for each grid node 
consisted of a three digit code; the first digit corresponding to the density contrast 
value, the second to the depth, and the third digit to the thickness. For example, a 
code of 452 would use the fourth density contrast value from the above array, the fifth 
depth value, and the second thickness value. A separate input me creating program 
(GINPU'l1 was written to facilitate the creation of model files. This program allowed the 
size of the grid (number of rows and columns), the grid spacing, and the density 
con,trast, depth, and thickness values to be input from the keyboard, and the nodal 
codes to be input from a separate data file generated from a spreadsheet. This allowed 
rapid manipulation of nodal codes within the spreadsheet as opposed to reentering the 
data after each run. This also enabled the ability to perform mathematical operations 
111 
within the spreadsheet to generate nodal codes. Source codes for SPHERE and 
GINPUT are presented in Appendix F. 
lnitial model runs were performed on the Parshall side with a 24 by 20 grtd and 
a grtd spacing of 2000 meters. This grid size proved to be too coarse and the anomalies 
generated were too large in the x-y plane. Subsequent model runs were performed with 
a 48 by 40 grtd With a spacing of 1000 meters on the Parshall side and a 24 by 22 grid 
with a 1000 m spacing on the New Town side. 
The first model runs were based on well data in an effort to remove the 
contributions to the total gravity resulting from density differences within the glacial 
drift. Density contrast values were based on the ratio values mentioned earlier. These 
values were interpolated by the program SURFER (Golden Software, 1990) on a 48 by 
40 grid and imported into a spreadsheet. "If-then" statements were used in the 
spreadsheet to generate the desired code for the density contrast for each node. This 
was accomplished by typing an "if' statement as a formula into a cell of the 
spreadsheet. This statement had the form of"@ IF (COND, TRUEXPR, FALSEXPR)" 
where COND is a logical expression, TRUEXPR is the value returned if the logical 
expression is true and FALSEXPR is the value returned if the logical expression is 
false. The grtdded value of the ratio of the coarse grained material to drift thickness 
was compared to the value in the formula, and if true, a code value was placed in the 
cell. If the statement was false, a value of zero was returned. This required nine 
columns in the spreadsheet (the array size in the modelling program SPHERE) with 
the results sununed in the tenth column such that each grtd point had one code. As 
an example, if the gridded ratio value was 0.91, and the first column had a formula of 
@IF (Cell Address > #OR# = 0.9, I ,OJ a value of one for the density contrast code would 
be returned. Codes for the depths and thicknesses were generated in a similar 
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manner. A contour map of the model results are presented on Figure 46. A 
three-dimensional representation is shown on Figure 47. 
FoIWard modelling using a trial and error approach was then performed to 
reproduce the measured gravity. Well data were again used for initial estimates of 
depth and thickness parameters. Separate models were generated for the anomalous 
highs and the anomalous lows with the results combined. This separation allowed for 
a greater number of density contrasts to be used. Density contrasts ranged from -0.5 
g/cm3 to 0.4 g/cm3 with 0.05 g/cm3 increments. Depth values ranged from 1 to 80 
meters, and thickness values ranged from Oto 40 meters with 5 meter increments. 
Contour maps of the final model runs for the Parshall and New Town sides are 
presented on Figures 48 and 49. Three-dimensional representations of the models are 
shown on Figures 50 and 51. Final model parameters and locations of the grid nodes 
are presented in Appendix G. 
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CONTOUR INTERVAL= 0.5 mgal 
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SOURCES OF ERROR 
SlfRVEYTNG 
Balde, et al., (1991) estimated that a 10 cm accuracy was obtained for the 
elevation data. This would correlate to an error of approximately 0.02 mgal which falls 
within the accuracy criteria set at the beginning of the project. Unfortunately, a 
signill.cant amount of data was deemed unusable due to mechanical equipment failures 
and/ or data processing problems. For example, one defective receiver with a bad 
channel affected approximately 1000 stations. 
GRAV11Y MEASJ JREMENT 
As previously mentioned, the gravity meters used for this project had a 
resolution of 0.01 mgals which was well within the project's constraints. However, the 
use of three different gravity meters could have introduced a source of error. The 
manufacturer determines a meter constant for each gravity meter to correct for 
mechanical characteristics unique to each instrument. This constant, when multiplied 
by the observed gravity signal, should result in the same gravity reading for the same 
gravity signal for each meter. 
However, as the different parts within each meter are stressed by normal usage, 
slow mechanical alterations result in meter drift. Corrections for meter drift were made 
by the GRAVPAC (LaCoste and Romberg, 1989) program for each individual meter, but 
initial calibration between the three separate meters was not performed. 
Due to the gentle slopes and lack of pronounced topographic features, terrain 
corrections were not performed. The only area which may exhibit terrain effects is 
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located on the extreme western edge of the study area adjacent to the Missourt River 
Trench (Figure 28). It is more probable that this significant high is the result of a deep 
seated structural feature as the topographic map does not indicate an abrupt change 
in elevation at that location. Other smaller features however, could have had small 
effects on the results. 
By far the greatest source of errors on the project was the result of careless 
operation of the gravity meters. Numerous recording errors in the field data were 
noted. In addition, it is suspected that the improper leveling, rough handling, and 
improper zeroing and/ or reading of the gauge dial caused numerous errors in the data 
collected. Evidence suggesting careless operation includes the crossing point data and 
base station data where separate readings at the same station resulted in Bouguer 
gravity anomaly value differences of 0. lmgal or more. 
DISCIJSSION 
STRUCTIJRE 
As mentioned in the methodology section, well log data were examined to 
determine the influence of regional structures on the gravity field. In general, the 
sedimentary units of the Williston Basin dip to the west and thin to the east in the 
vicinity of the study area (Figures 30 and 31). This trend can also be seen from the 
structural contour map of the top of the Greenhorn Formation (Figure 35) and the 
three-dimensional representation (Figure 36). The trend of the Williston Basin is 
reflected in the unfiltered Bouguer gravity anomaly maps (Figures 27 through 30). 
Although the Antelope anticline lies to the west of the study area, its influence 
can be seen on the western edge of the site (Figure 28). The broad, north trending 
syncline mentioned by Dingham and Gordon (1954) is not apparent, although there is 
a small synclinal feature in the northwestern corner of the study area with an axis 
located west of New Town, ND and trending to the northwest. The small northeastward 
trending anticline mentioned by Dingham and Gordon. ( 1954) is also discernible, 
particularly on Figure 35. There are no apparent structural features for the bedrock 
high mentioned by Lemke (1960) beneath the study area. It is difficult to discern any 
influence on the unfiltered Bouguer gravity anomaly maps resulting from these smaller 
features. 
SHALLOW WEU, DATA 
The ratio maps which were created, although inferential in nature, present a 
useful tool for analyzing the location of potential aquifers. High ratios of 
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coarse-grained material to glacial drift thickness (Figures 38 and 39) occur in the 
vicinity of the mapped aquifers (Figures 11 and 12). The ratios were also valuable in 
determining appropriate density contrast values for computer modelling. 
The elevation of the bedrock surface maps (Figures 40 and 41) were useful in 
determining the location and areal extent of preglacial channels. The most remarkable 
feature is the deep trench visible on the Parshall side of the study area in the vicinity of 
the mapped White Shield aquifer (Figure 40 and Figure 10, respectively). 
Areas of high drift thickness (Figures 42 and 43) are also in the same vicinity of 
the mapped aquifers. The drift thickness data were also incorporated into the 
simulations. 
I JNFILTERED BQI JGI IER GRAVIlY ANOMAT .TES 
The unfiltered Bouguer gravity anomaly maps (Figures 14 through 1 7) produce 
patterns that are in general agreement with the-structure and stratigraphy of the study 
area. There is a very strong regional influence and very little of the local gravity field 
can be distinguished. The opposite relative anomaly trends exhibited by the Parshall 
and New Town sides are also shown on the GNA maps (Figures 14 and 15) and are the 
result of separating the sides into two data groups. Specifically, mean values were 
calculated for each side separately, with the resulting means being subtracted from the 
Bouguer gravity anomaly values for each respective side. 
FII.TERING 
GNAData 
The basic problem encountered by using the GNA data to filter out the regional 
gravity effects relates to the coarseness of the data. The data used were gridded values 
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based on relatively few actual gravity stations in the area. Toe resulting regional field 
consisted only of very large gravity signals, in this case the signal resulting from the 
Williston Basin. Smaller structural features that may have contributed to the regional 
gravity field were missed entirely. 
Upward Continuation 
Upward continuation filtering worked extremely well for the determination of 
the regional anomaly patterns (Figures 22 through 24). However, the amplitude 
changes resulting from this method of filtering presented problems when separating 
the regional field from the Bouguer gravity anomaly values. The method of applying a 
multiplication factor and adjusting the amplitude values accordingly is not 
mathematically valid. Values farther away from the mean are adjusted to a greater 
degree than those closer to it. Proper treatment of this method would require the 
manipulation of the algebraic expressions describing both surfaces in three 
dimensional space which is beyond the scope of this thesis. 
Wavelength Eiltenng 
As previously mentioned, the upper limit for the wavelength filtering was 
established at l O km by trial and error. The pattern for wavelengths greater than 10 
km (Figure 26) was similar to the anomaly patterns produced from the GNA data 
(Figure 16) and the patterns resulting form the upward continuation (Figures 22 
through 24). A similar pattern was generated for wavelength runs of 5 and 7 .5 km, but 
many of the near linear low anomaly features evident on Figure 27 were broken up or 
removed entirely. For this reason, the more conservative limit of 10 km was chosen. 
The lower limit of the band pass was established at 1.5 km. The maximum 
amplitudes of the waves removed below this value ranged from approximately -0.4 to 
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+0.4 mgal. Removal of these wavelengths had little overall effect on the gravity 
anomaly maps with the exception of removing extemporaneous noise ( small, isolated 
features). However, it is possible that some minor features of interest could have been 
removed by using this value. An even larger value (e.g., 2.0 km) could have been used 
which may have lessoned the cyclical nature of the small wavelength anomalies shown 
in some areas of the filtered maps (e.g., southern portion of Figures 27). 
The resulting filtered gravity anomaly maps (Figures 27 and 28 and 3-D Views 
shown on Figures 29 and 301 show several features of low anomaly values which could 
be interpreted as buried channels. Several of these features are located in the same 
approximate locations as the mapped aquifers (Figures 11 and 12). In particular, the 
northern east-west trending finger of the New Town aquifer is visible and the southern 
east-west portion can also be seen on the three-dimensional filtered Bouguer gravity 
anomaly map (Figure 30). The lack of gravity data in the southern portion of this side 
of the study area makes this interpretation speculative, however. The thickest portions 
of the White Shield aquifer on the Parshall side of the study area are also apparent 
(Figures 27 and 29). 
The Shell Creek Bay Aquifer system is not visible on the filtered gravity anomaly 
map. Well data indicate that the sand and gravel deposits in this system are only 
several meters thick and would not produce a recognizable gravity signal. 
An unmapped north-south trending linear anomaly is also apparent near the 
eastern side of the Parshall area. Well data are very limited in the vicinity of this 
feature, but it is possible that it is a near-surface outwash channel. 
Several anomalous highs are also visible on both sides of the study area. Many 
of these features are adjacent to the channel features and could be bedrock highs 
which controlled the flow of the rivers that cut these channels. 
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MODEJJJNG 
Gravity simulations to calculate the contribution of the glacial drift yielded 
limited information. The density contrasts, depths, and thicknesses used in this model 
did not differ sufficiently to generate a more complex gravity field. Subsequent runs 
were performed to simulate features which would cause the larger amplitude anomalies 
shown for both the Parshall and New Town sides. 
As mentioned in the methodology section, initial model parameters were based 
on available well data. After each run, the model results were compared with the 
filtered gravity anomaly maps and adjustments were made to the model parameters 
where necessary. Although this method was somewhat conjectural and, to a large 
extent dependent upon the judgement of the author, the final model results, in most 
instances, are in agreement with the well data. 
In particular, the wells in the vicinity of the central portion of White Shield 
aquifer (model rows 7 through 1 7 and model columns 18 through 28 on Figure 48) 
indicate depths of 20 to 40 meters and thicknesses of 7 to 35 meters. The model 
yielded a maximum density contrast of -0.4 g/cm3 , a model depth of 30 meters, and a 
thickness of 25 meters. Wells in the vicinity of model rows 4 through 8 and model 
columns 25 through 31 (Figure 48) indicate an aquifer depth of 16 to 41 meters and a 
thickness of 13 to 24 meters. In this area, simulations resulted in a maximum density 
contrast of -0.45 g/cm3 , depths form 10 to 30 meters and thicknesses of 10 to 35 
meters. 
In the area of model rows 15 through 26 and model columns 7 through 19 
(Figure 48). well data indicates that the White Shield aquifer ranges in depth from 15 to 
40 meters and that it is in excess of 60 meters in thickness. Model results using these 
parameters generated exceedingly high anomaly values. Depth and thickness 
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parameters were manipulated to generate anomalies more in agreement with those 
observed on the filtered anomaly maps and resulted in density contrasts of-0.4 g/cm3 , 
50 to 60 meters in depth and thicknesses of 15 to 20 meters. However, it would have 
been possible to generate the same anomalies by adjusting the density contrast 
parameter instead of the depth and thickness values. 
Limited well data along the ea.stem side of the Parshall area made it difficult to 
model the low anomalies shown in model columns 28 through 34. Density contrasts 
ranging from -0.2 g/cm3 through -0.5 g/cm3 , depths of 30 to 50 meters, and 
thicknesses of 5 to 35 meters were ultimately used and were based ptimar:ily on the 
results of the middle portion of this side of the study area. 
Well data in the vicinity of model rows 18 through 20 and model columns 9 
through 12 (Figure 49) indicate that the New Town aquifer has a depth of 
approximately 25 meters and a thickness of 35 meters. The model yielded similar 
anomaly patterns using a density contrast of -0.5 g/cm3, depths of 20 meters, and a 
thickness of 15 meters. Again, the disparity in the thickness between the well data 
and the model could be accounted for by using a density contrast that was too high. 
Similar results were obtained in the vicinity of model rows 11 through 16 and model 
columns 6 through 11 (Figure 49). Well data indicates depths of Oto 25 meters and 
thicknesses of2 to 57 meters while the model parameters were depths of 10 meters 
and thicknesses of 20 meters. Wells near model rows 5 through 11 and model 
columns 4 through 8 (Figure 49) show depths of sand and gravel ranging from 9 to 30 
meters and thicknesses ranging from 8 to 40 meters. The model generated similar 
anomalies using density contrasts ranging from -0.2 to -0.5 g/cm3 , depths from 10 to 
20 meters, and thicknesses of 5 to 20 meters. 
In the area of model rows 11 through 13 and model columns 16 through 18 well 
data indicates sand and gravel deposits occur at depths between 20 to 36 meters and 
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range in thickness from 13 to 23 meters. The model yielded similar anomalies with 
density contrasts of -0.4 g/cm3, depths of 10 to 20 meters, and thickness values of 10 
meters. 
CONCU JSTONS 
The modelling program generated reasonable results which made it possible to 
infer probable channel locations, depths, and thicknesses. More detailed models could 
have been created (e.g. by decreasing the coarseness of the grid) but were constrained 
by length processing times and by limited well data in the vicinity of anomalous lows. 
The fmal model runs produced similar gravity anomalies as the residual Bouguer 
gravity, but the model results must be examined cautiously as segments of the models 
are largely conjectural. An example of this is the area between model columns 28 
through 34 (Figure 48) on the Parshall side of the study area 
The strong regional influence to the gravity signal necessitated the use of a 
filtering method. The Geophysics of North America data (Hittlelman, et al., 1989) was 
deemed to be too coarse to be used as a regional filter for the purposes of this project 
and allowed small structural features to pass through the filter. Although good results 
were obtained for the regional field by the upward continuation method, amplitude 
changes made it difficult to remove this signal from the relative Bouguer gravity. The 
most satisfactory results were obtained by the wavelength filtering method. 
The filtered gravity signals show several discernible low anomaly patterns and it 
is the opinion of the author that these are stream channel aquifers. Although the 
northeastern trends of preglacial drainage noted in the literature are not seen in the 
gravity anomalies, both the New Town and White Shield aquifers show an east-
sotitheast trend. The evidence indicates that these channels occupy a sinuous course 
within the mapped aquifers and were controlled in part by topographic features. 
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. The gravity data contained numerous errors and it was apparent that the 
gravity meter operators were careless. Any similar projects conducted in the future 
should employ a much more stringent quality control program and it is recommended 
that the data be processed and/ or checked in the field. Hundreds of hours were 
needlessly wasted in trying to clean up questionable data. 
Despite the amount of questionable data and the gaps caused by discarded or 
unusable values, the project was successful. The use of the Global Positioning 
Satellite system for acquiring accurate station locations was demonstrated to be both 
rapid and economic. 
In conclusion, it is possible to locate and define shallow aquifers by high 
resolution gravity surveys. In order for the aquifers to be discernible however, they 
must be of sufficient thickness and areal extent and must have significant density 
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APPENDIXA 
DENSITY DATA FROM MILLSOP (1985) 
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FORMATION SAMPLE % MOISTURE DRY DENSITY WET DENSITY 
Upper Snow School IA 16.80 2.56 2.98 
3A 11.60 2.82 3.15 
4B 13.80 2.61 2.97 
SC 2.30 2.83 2.90 
570 2.80 3.61 3.71 
Lower Snow School SB 5.80 3.02 3.20 
Upper Medicine Hill 7A 11.30 3.22 3.58 
52A 10.00 3.18 3.50 
53B 4.60 2.43 2.54 
58A 3.90 3.09 3.21 
Upper Horseshoe Valley 51B 0.50 1.42 1.43 
52B 0.40 1.86 1.87 
Sentinel Butte 2A 1.10 1.99 2.01 
50A 11.90 2.37 2.65 
57B 7.00 2.87 3.07 
57C 2.30 2.55 2.61 
61A 11.10 1.70 1.72 
AVERAGES 
Upper Snow School 9.46 2.89 3.14 
Lower Snow School 5.80 3.02 3.20 
Upper Medicine Hill 7.45 2.98 3.21 
Upper Horseshoe Valley 0.45 1.64 1.65 
Combined Glacial 6.98 2.72 2.92 
Sentinel Butte 6.68 2.29 2.41 
TOTAL 6.89 2.59 2.77 
APPENnrxa 
STATION POSffiONS AND OBSERVED GRAVI1Y DATA 
PARSHALL SIDE DATA 
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STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
148206 -101.849 47.6030 630.83 1287.45 1216.82 -11.13 
148207 -101.853 47.6030 632.14 1287.68 1216.91 -11.05 
148208 -101.860 47.6030 636.05 1289.11 1217.90 -10.06 
148209 -101. 865 47.6029 641.48 1288.47 1216.65 -11.30 
148210 -101.870 47.6029 652.47 1289.67 1216. 63 -11.33 
148211 -101.875 47.6029 664.04 1290.56 1216.22 -11. 74 
148212 -101.878 47.6028 651. 91 1289.50 1216.52 -11.44 
148213 -101.882 47.6029 646.22 1288.27 1215.92 -1.2.04 
148218 -101.913 47.6028 644.86 1289.79 1217.59 -10.36 
148219 -1.01. 918 47.6028 640.18 1289.73 1218.06 -9.90 
148220 -101.924 47.6028 628.92 1288.70 1218.29 -9.67 
148221 -101.929 47.6028 636.51 1296.34 1225.08 -2.88 
148222 -101.936 47.6028 626.45 1296. 02 1225.89 -2 .07 
148222 -101.936 47.6028 626.46 1297.06 1226.93 -1.03 
148223 -101.941 47.6027 621.66 1296.49 1226.90 -1.06 
148224 -101.945 47.6027 627.85 1294.77 1224.48 -3.47 
148225 -101. 950 47.6027 630.69 1294.96 1224.35 -3.61 
148226 -101.954 47.6027 623.72 1294.25 1224.42 -3.54 
148227 -101.959 47.6027 611.99 1293.61 1225.10 -2.86 
148228 -101. 966 47.6027 604.67 1296.34 1228.64 0.68 
148229 -101. 972 47.6027 600.12 1293.48 1226.30 -1.66 
148231 -101. 983 47.6027 617.14 1291. 66 1222.57 -5.39 
148232 -101.988 47.6027 616.83 1291.55 1222.50 -5.46 
148233 -101. 993 47.6027 606.79 1290. 74 1222.81 -5.15 
148234 -101.999 47. 6027 601.64 1290.30 1222.94 -5.02 
148235 -102.004 47.6027 595.66 1289. 99 1223.30 -4.66 
148236 -102.009 47.6027 597.62 1289.75 1222.85 -5.11 
148237 -102.014 47.6027 596.81 1289.96 1223.14 -4.82 
148238 -102.019 47.6027 593.77 1289.68 1223.21 -4.75 
148239 -102.024 47.6027 595.57 1287.68 1221. 00 -6.95 
148240 -102.030 47.6027 600.18 1288.55 1221.36 -6.60 
148242 -102.037 47.6027 612.50 1289.74 1221.16 -6.79 
148243 -102.044 47.6027 615.92 1290.59 1221. 63 -6.33 
148244 -102.048 47,6026 618.17 1291.40 1222.19 -5.77 
148501 -101.822 47.6464 603.76 1285. 76 1218.17 -9.79 
148503 -101.832 47.6464 617.15 1287.66 1218.57 -9.39 
148504 -101. 838 47.6464 614.00 1287.48 1218.74 -9.21 
148505 -101. 843 47.6464 617.82 1287.43 1218.26 -9.70 
148506 -101.849 47.6464 622.38 1288.52 1218.84 -9.12 
148507 -101.854 47.6464 624.94 1288.77 1218.80 -9.15 
148508 -101.860 47.6464 624.54 1288.64 1218. 72 -9.24 
148509 -101.865 47.6463 619.98 1288.25 1218.84 -9.11 
148511 -101.874 47.6463 611. 22 1287.68 1219.25 -8.70 
148512 -101.880 47.6463 611.80 1287.69 1219.19 -8. 77 
148513 -101.886 47.6463 614.26 1288.68 1219.91 -8.05 
14851.4 -101. 893 47.6463 613.94 1288.68 1219.95 -8.01 
148515 -101.899 47.6463 626.35 1289.86 1219.74 -8.22 
148516 -101. 903 47.6463 632.73 1290.38 1219.55 -8.41 
l.48517 -101. 908 47.6462 630.82 1288.69 1218.06 -9.89 
148518 -101.913 47.6462 634.65 1289.11 1218.06 -9.90 
148519 -101.918 47.6462 639.82 1294.71 1223.08 -4.88 
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STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
{m) (mgal) (mgal) (mgal) 
148520 -101.924 47.6462 645.10 1295.56 1223.34 -4.61 
148521 -101.929 47.6462 641.08 1295.54 1223. 77 -4.19 
148522 -101.935 47.6462 643.81 1295. 79 1223.71 -4.25 
148523 -101.940 47.6462 650 .11 1296.17 1223.38 -4.57 
148524 -101.945 47.6462 652.44 1296.39 1223.35 -4.61 
148525 -101.950 47.6461 651.53 1296.27 1223.33 -4.62 
148527 -101. 961 47.6461 650.73 1293.30 1220.45 -7.51 
148528 -101. 967 47.6461 654.13 1293.81 1220.58 -7.38 
148529 -101.972 47.6461 653.92 1294.01 1220.80 -7.16 
148530 -101. 977 47.6461 649.33 1293. 43 1220.74 -7.22 
148531 -101.982 47.6461 653.92 1293.96 1220.75 -7.21 
148532 -101.987 47.6461 663 .11 1294. 63 1220.39 -7.57 
148533 -101.993 47.6461 661.42 1294.61 1220.56 -7.40 
148534 -101.999 47.6461 663.94 1294.30 1219.97 -7.99 
148535 -102.004 47.6461 666.14 1294.94 1220.37 -7.59 
148536 -102.009 47.6461 661.36 1294.58 1220.54 -7.42 
148537 -102.015 47.6461 652.46 1293.82 1220.78 -7.18 
148538 -102.021 47.6461 651. 57 1293.98 1221.04 -6.92 
148539 -102.025 47.6461 647.80 1293.61 1221.09 -6.87 
148540 -102.031 47.6461 654.89 1294.17 1220.85 -7.10 
148541 -102.036 47.6461 656.19 1295 .11 1221.65 -6.31 
148542 -102.041 47.6461 651.99 1294.98 1221.98 -5.97 
148543 -102.048 47.6461 643.48 1294.84 1222. 81 -5.15 
148544 -102.052 47.6461 638.79 1294.32 1222.80 -5 .15 
148545 -102·. 057 47.6461 640.52 1294.70 1222.99 -4.97 
148546 -102.063 47.6461 628.35 1294.52 1224.17 -3.78 
148547 -102.068 47.6461 634.68 1295.21 1224.16 -3.80 
148548 -102.073 47.6461 633.55 1294.90 1223.97 -3.98 
148549 -102.078 47.6461 628.30 1294.24 1223.90 -4.06 
148550 -102. 083 47.6461 627.08 1294.74 1224.54 -3.42 
148551 -102.089 47.6461 626.35 1294.58 1224.46 -3.50 
148552 -102.094 47.6461 629.20 1294.92 1224.48 -3.48 
148553 -102.099 47.6461 632.05 1294.52 1223.76 -4.20 
148554 -102.106 47.6461 635.35 1296.79 1225.66 -2.30 
148555 -102.111 47.6461 631.82 1294.39 1223.66 -4.30 
148556 -102.115 47.6461 627.66 1293.88 1223. 62 -4.34 
149104 -101.843 47.6739 603 .10 1287.01 1219.49 -8.47 
149106 -101.853 47.6739 607.79 1287.19 1219.15 -8.81 
149107 -101.857 47.6739 607.38 1287. 25 1219.25 -8. 71 
149108 -101.862 47.6739 608.02 1287.18 1219.11 -8.85 
149110 -101.877 47.6739 611.44 1287.89 1219.44 -8.52 
149111 -101.882 47.6739 611.53 1287.94 1219.47 -8.48 
149112 -101.887 47.6739 612.39 1288.13 1219.57 -8.39 
149114 -101.898 47.6739 619.58 1288.89 1219.52 -8.44 
149115 -101. 904 47.6739 61S.54 1288.80 1219.55 -8.40 
149116 -101.909 47.6739 618.07 1289. 00 1219.80 -8.16 
149117 -101. 913 47.6739 620.74 l2S9.19 1219.70 -8.26 
149118 -101. 919 47.6739 620.30 1289.46 1220.02 -7.94 
149119 -101.925 47.6739 622.36 1289.85 1220.18 -7.78 
149120 -101.930 47.6739 622.33 1290.09 1220.41 -7.54 
149121 -101.936 47.6739 623.00 1289.93 1220.18 -7.77 
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149131 -101.994 47.6739 634.60 1292. 24 1221.19 -6.76 
149132 -101.998 47.6740 633.32 1292 .19 1221.29 -6.67 
149133 -102.005 47.6740 641.01 1292. 83 1221.07 -6.89 
149135 -102.012 47.6739 638.72 1292. 34 1220.83 -7.12 
149136 -102.017 47.6740 631.55 1292.46 1221. 76 -6.20 
149137 -102.022 47.6739 629.82 1292.42 1221.91 -6.05 
149138 -102.029 47.6739 630.31 1292.38 1221.81 -6.14 
149142 -102.054 47.6740 624.37 1292.43 1222.53 -5.43 
149143 -102.059 47.6740 618.57 1292.00 1222.75 -5.21 
149144 -102.063 47.6740 616.57 1291.42 1222.40 -5.56 
149145 -102.068 47.6740 613.37 1288.29 1219.62 -8.33 
149146 -102.074 47.6740 615.28 1290.93 1222.05 -5.91 
149147 -102,079 47.6740 621.45 1291.86 1222.28 -5.68 
149148 -102.084 47.6740 625.52 1294.15 1224.12 -3.83 
149149 -102.090 47.6739 624.82 1295.09 1225.14 -2.81 
149150 -102.094 47.6740 628.52 1294.84 1224.47 -3.49 
149151 -102.099 47.6740 637.49 1295.66 1224.29 -3.67 
149152 -102.103 47.6740 635.78 1295.65 1224.48 -3.48 
149200 -101.824 47.6883 610.19 1287.11 1218.80 -9.16 
149201 -101.829 47.6883 608.45 1287.73 1219.61 -8.35 
149202 -101. 834 47.6883 604.70 1287.75 1220.05 -7.91 
149203 -101.840 47.6883 608.38 1287.41 1219.30 -8.65 
149204 -101.846 47.6883 606.07 1287.50 1219.65 -8.31 
149205 -10.1.851 47.6883 605.63 1287. 42 1219.62 -8.34 
149207 -101.860 47.6883 604.70 1287.27 1219.57 -8.39 
149208 -101.865 47.6883 604.90 1287. 62 1219.90 -8.06 
149214 -101.899 47.6883 613.39 · 1288.85 1220.18 -7.78 
149215 -101.904 47.6883 618.87 1289.46 1220.18 -7.78 
149217 -101.915 47.6883 616.44 1289.60 1220.59 -7.37 
149218 -101.921 47.6883 613.81 1289.17 1220.45 -7.51 
149229 -101.979 47.6884 615.73 1292.09 1223.16 -4.80 
149231 -101.990 47.6884 620.98 1293.30 1223.78 -4.18 
149232 -101.996 47.6884 620.24 1293.20 1223.76 -4.19 
149233 -102.001 47.6884 618.68 1293.23 1223.97 -3.99 
149234 -102.007 47.6884 615.70 1293.22 1224.29 -3.66 
149235 -102.011 47.6884 616.23 1293. 43 1224.44 -3.52 
149236 -102.017 47.6884 620.51 1293.86 1224.39 -3.57 
149237 -102.022 47.6884 619.48 1293.84 1224.49 -3.47 
149238 -102.027 47.6884 613.86 1293.76 1225.04 -2.92 
149239 -102.033 47.6884 610.35 1293.52 1225.19 -2.77 
149243 -102.054 47.6885 606.41 1292.01 1224 .12 -3.84 
149244 -102.060 47.6884 606.74 1292.02 1224.09 -3.87 
149306 -101.856 47.7028 611.52 1289.61 1221.15 -6.81 
149307 -101.861 47.7028 612.86 1289. 71 1221.10 -6.85 
149308 -101.867 47.7028 611.40 1289.77 1221.32 -6.64 
149310 -101.878 47.7028 610.72 1289.92 1221.54 -6.41 
149311 -101.883 47.7028 608.24 1289.72 1221.62 -6.34 
149312 -101.888 47.7028 607.74 1289.83 1221. 79 -6.17 
149314 -101.899 47.7028 606.15 1289. 72 1221.86 -6.10 
149315 -101. 904 47.7028 603.71 1289.64 1222.05 -5.91 
149316 -101.910 47.7028 604.28 1289.91 1222.25 -5.70 
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149317 -101.915 47.7028 605.26 1290.06 1222.30 -5.66 
149318 -101.921 47.7028 598.40 1289.68 1222.69 -5.27 
149319 -101.926 47.7029 603.05 1291.34 1223.83 -4.13 
149320 -101.931 47.7029 598.09 1290.17 1223.21 -4.74 
149321 -101. 936 47.7028 603. 71 1290.82 1223.23 -4.72 
149323 -101.947 47.7029 607.51 1291.68 1223.66 -4.30 
149324 -101.952 47.7029 603.95 1291. 63 1224.02 -3.94 
149325 -101. 958 47.7029 605.36 1291.98 1224.20 -3.75 
149326 -101. 964 47.7028 606.69 1292.23 1224.31 -3.65 
149327 -101. 968 47.7028 605.47 1292.19 1224.41 -3.55 
149328 -101.974 47.7029 606.58 1292.56 1224.65 -3.30 
149330 -101.985 47.7029 602 .11 1292.68 1225.27 -2. 69 
149331 -101.989 47.7029 601. 69 1292.88 1225.52 -2.43 
149332 -101.995 47.7029 604.22 1293.41 1225.76 -2.19 
149333 -102.001 47.7029 603.37 1293.61 1226.06 -1.89 
149334 -102.006 47.7029 602.96 1293.69 1226.19 -1. 77 
149335 -102.011 47.7029 603.51 1293.90 1226.34 -1.62 
149336 -102.017 47.7029 603.36 1293.87 1226.32 -1.64 
149337 -102.022 47.7029 602.15 1293.84 1226.42 -1.53 
149338 -102.027 47.7029 599.31 1293.83 1226.73 -1.23 
149339 -102.033 47.7029 605.93 1294.34 1226.51 -1.45 
149340 -102.038 47.7029 611. 56 1294.98 1226.51 -1.44 
149342 -102.049 47.7029 617.98 1295.51 1226.32 -1.63 
149343 -102.054 47.7029 620.13 1295.85 1226.43 -1.53 
149344 -102.060 47.7029 626.14 1296.57 1226.47 -1.48 
149346 -102.069 47.7029 621.49 1296.33 1226.76 -1.20 
149348 -102.081 47.7029 607.75 1295.70 1227.66 -0.30 
149349 -102.086 47.7029 598.59 1295.01 1228.00 0.04 
149350 -102.092 47.7030 606.06 1295.72 1227.87 -0.09 
149351 -102.097 47.7029 593.68 1294.80 1228.34 0.38 
149422 -101. 942 47.7173 595.84 1288.21 1221.51 -6.45 
149423 -101. 947 47.7173 598.27 1288.57 1221.59 -6.37 
149424 -101. 953 47.7173 600.23 1294.25 1227.06 -0.90 
149425 -101. 958 47.7173 601.37 1294.70 1227.38 -0.58 
149426 -101.963 47.7173 603.37 1292.91 1225.36 -2.59 
149427 -101.969 47.7173 603.90 1299.29 1231.68 3. 72 
149428 -101. 974 47.7173 604.41 1296.41 1228.74 0.78 
149430 -101.985 47.7173 603.36 1293.47 1225.92 -2.04 
149431 -101. 990 47.7173 601.47 1293.38 1226.04 -1.92 
149433 -102.001 47.7173 597.56 1293.19 1226.29 -1. 67 
149434 -102.006 47.7174 599.53 1293.59 1226.47 -1.49 
149435 -102.011 47.7174 594.25 1293.41 1226.88 -1.08 
149436 -102.016 47.7174 592.87 1293.32 1226.95 -1.01 
149437 -102.022 47.7174 590.38 1293 .11 1227.01 -0.94 
149438 -102.027 47.7174 591.01 1293.36 1227.20 -0.76 
149439 -102.033 47.7174 591.85 1294.54 1228.29 0.33 
149440 -102.038 47.7174 591. 83 1294.61 1228.35 0.39 
1.49442 -102.049 47.7174 595.87 1294.81 1228.10 0.15 
149443 -102.055 47.7174 598.13 1295.17 1228.20 0.25 
149444 -102.060 47.7174 599.76 1295.47 1228.33 0.37 
149445 -102.065 47.7173 602.28 1295.75 1228.32 0.36 
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149446 -102.071 ,47.7174 604.01 1296.27 1228.65 0.69 
149447 -102.076 47.7174 607.75 1295.55 1227.51 -0.45 
149448 -102.081 47.7174 613.80 1296.12 1227.40 -0.55 
149449 -102.086 47.7174 617.87 1296.66 1227.49 -0.47 
149450 -102.093 47.7174 615.29 1296.36 1227.48 -0.48 
149451 -102.098 47.7174 611.10 1296.14 1227.72 -0.24 
149452 -102.103 47.7174 603.96 1295.63 1228.01 0.06 
149454 -102.115 47.7174 598.83 1294.41 1227.37 -0.59 
149456 -102.126 47.7174 591.84 1294.80 1228.54 0.59 
149457 -102.130 47.7174 578.11 1293. 71 1228.99 1.03 
149500 -101.823 47.7318 635.98 1293.77 1222.57 -5.38 
149502 -101.835 47,7318 634.61 1293.86 1222.81 -5.15 
149503 -101.840 47.7318 635.68 1290.10 1218.93 -9.03 
149504 -101.845 47.7318 636.33 1290.15 1218.91 -9.05 
149507 -101.861 47.7318 638.12 1292. 77 1221.33 -6. 63 
149508 -101.866 47.7318 641.01 1292.89 1221.13 -6.83 
149510 -101.877 47.7318 630.91 1292.34 1221. 71 -6.25 
149511 -101.882 47.7318 628.15 1292.06 1221. 74 -6.22 
149512 -101.887 47.7318 617.21 1291. 77 1222.68 -5.28 
149514 -101.899 47.7318 612.96 1291. 59 1222.96 -4.99 
149515 -101.904 47.7318 610.93 1291.42 1223.03 -4.93 
149518 -101. 920 47.7318 607.02 1291. 31 1223.35 -4.60 
149519 -101.926 47.7318 604.43 1291.11 1223.45 -4.51 
149520 -lOJ..931 47.7318 605.49 1291.08 1223.29 -4.66 
149521 -101. 936 47.7319 602.72 1295.40 1227.92 -0.03 
149522 -101. 942 47.7318 601.03 1295.27 1227.98 0.03 
149523 -101. 946 47.7319 598.46 1295.18 1228.18 0.22 
149524 -101.950 47.7318 594.Bl 1294.15 1227.56 -0.39 
149525 -101.958 47.7318 591. 72 1294.21 1227.97 0.01 
149530 -101.985 47.7319 598.51 1292.61 1225.60 -2.36 
149531 -101. 990 47.7319 600.25 1292.85 1225.65 -2.30 
149532 -101.995 47.7319 600.04 1293.18 1226.00 -1.95 
149533 -102.001 47.7318 598.90 1293.01 1225.96 -1.99 
149534 -102.008 47.7319 597.47 1293.12 1226.23 -1.73 
149535 -102.012 47.7319 595.60 1293.14 1226.46 -1.50 
149536 -102.017 47.7318 589.96 1292.83 1226.78 -1.18 
149537 -102.022 47.7318 591. 95 1293.17 1226.90 -1.05 
149538 -102.028 47.7318 591.14 1293.08 1226.90 -1.06 
149539 -102.033 47.7318 587.45 1293.07 1227.30 -0.66 
149540 -102.038 47.7318 582.59 1292.78 1227.55 -0.40 
149602 -101.834 47.7462 638.36 1291.40 1219.93 -8.03 
149604 -101.845 47. 7462 640.18 1291. 55 1219.88 -8.07 
149607 -101.860 47.7462 636.32 1291. 50 1220.26 -7.70 
149608 -101. 866 47.7462 636.15 1291. 81 1220.59 -7.36 
149610 -101.878 47.7462 630.11 1291.45 1220.91 -7.05 
149611 -101.884 47.7462 630.94 1291.41 1220.77 -7.18 
149614 -101.899 47.7463 628.89 1292.01 1221. 60 -6.35 
149615 -101. 904 47.7463 622.09 1293.70 1224.05 -3.91 
149616 -101.909 47.7462 619.77 1294.45 1225.06 -2.90 
149618 -101.919 47.7463 609.82 1290.32 1222.05 -5.91 
149619 -101.924 47.7463 611.01 1290.63 1222.22 -5.73 
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149620 -101.929 47.7463 614.08 1291.51 1222.76 -5.20 
149622 -101.941 47.7463 602.25 1291.06 1223.64 -4.32 
149623 -101.947 47.7463 604.83 1291. 54 1223.82 -4.13 
149624 -101.952 47.7463 604.83 1294.82 1227 .11 -0.85 
149625 -101.958 47.7463 600.62 1294.83 1227.58 -0.37 
149626 -101.966 47.7463 599.14 1295.04 1227. 96 0.00 
149627 -101.970 47.7463 597.53 1295.41 1228.51 0.55 
149628 -101.974 47.7463 597.04 1295.37 1228.53 0.57 
149629 -101.979 47.7463 594.87 1295.47 1228.87 0.92 
149630 -101.987 47.7463 588.09 1294.71 1228.87 0.91 
149632 -101.996 47.7463 585.90 1295.16 1229.56 1. 61 
149633 -102.001 47.7463 589.14 1295.39 1229.43 1.47 
149635 -102.011 47.7464 589.43 1295.84 1229.85 1.89 
149640 -102.036 47.7464 583.10 1296.03 1230.75 2.79 
149642 -102.049 47.7464 576.41 1293,45 1228.92 0.96 
149643 -102.054 47.7464 576.75 1293.65 1229.08 1.12 
149646 -102. 073 47.7464 576.25 1294.29 1229.78 1.82 
149647 -102.077 47.7464 577.63 1294. 71 1230.04 2.09 
149648 -102. 081 47.7464 580.13 1294.99 1230.04 2.08 
149650 -102.092 47.7464 590.41 1295,42 1229.32 1.36 
149651 -102.097 47.7464 594.36 1296.63 1230.09 2.13 
149653 -102.108 47.7464 596.87 1297.07 1230.25 2.29 
149654 -102 .113 47.7464 590.31 1296.75 1230.67 2. 71 
149655 -102.119 47.7464 602.41 1297,61 1230.16 2.21 
149656 -102.125 47.7464 608.44 1298.42 1230.30 2.34 
150122 -101.942 47.7607 612.77 1294.46 1225.85 -2.10 
150123 -101.950 47.7607 607.93 1294,23 1226.17 -1. 78 
150124 -101.955 47.7607 607.32 1294.26 1226.27 -1.69 
150125 -101.960 47.7608 600.49 1293.78 1226.55 -1.41 
150126 -101.965 47.7608 595.57 1293.50 1226.82 -1.14 
150132 -101.996 47.7609 589.91 1293.65 1227.61 -0.35 
150137 -102.022 47.7608 581. 93 1293.61 1228.46 0.50 
150138 -102.027 47.7608 586.64 1294.37 1228.69 0.73 
150139 -102.033 47.7608 587.24 1294.56 1228.81 0.86 
150225 -101.958 47.7752 598.67 1294.76 1227.74 -0.22 
150243 -102.055 47.7753 590.74 1296.60 1230.46 2.50 
150244 -102.060 47.7753 594.05 1297,15 1230.64 2. 68 
150245 -102.065 47.7753 595.75 1297.47 1230.77 2.81 
150246 -102 .071 47.7753 599.18 1298.16 1231.09 3 .13 
150247 -102.076 47. 7753 601.26 1298.62 1231.30 3.35 
150248 -102.081 47.7753 604.51 1298,85 1231.17 3.22 
150250 -102.089 47.7753 602.67 1299.45 1231.98 4.03 
150266 -102.177 47.7753 616.36 1304.14 1235.13 7.17 
150302 -101.836 47.7897 653.58 1298.82 1225.65 -2.31 
150303 -101.840 47.7897 652.94 1298.96 1225.86 -2.10 
150304 -101. 846 47.7897 654.63 1299.37 1226.08 -1.88 
150306 -101.855 47.7897 650.39 1299.40 1226.59 -1.37 
150307 -101.861 47.7897 650.03 1299. 72 1226.95 -1.01 
1"50308 -101.867 47,7897 647.77 1299.61 1227.09 -0.87 
150310 -101.878 47.7897 640.79 1299.22 1227.48 -0.48 
150311 -101.883 47.7897 638.96 1299.44 1227.90 -0.05 
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150326 -101.966 47.7897 615.38 1299.28 1230.39 2.43 
150327 ~101.970 47.7895 606.66 1298.79 1230.88 2.92 
150328 -101. 975 47.7896 609.32 1299.12 1230.91 2.95 
150330 -101.985 47.7897 615.48 1300.20 1231. 29 3.33 
150331 -101.990 47.7897 610.47 1300.14 1231.80 3.84 
150332 -101.996 47.7897 609.23 1294.36 1226.15 -1.80 
150334 -102.006 47.7897 602.90 1292.23 1224. 73 -3.23 
150335 -102.011 47.7897 607.93 1292.93 1224.87 -3.09 
150336 -102.017 47.7897 602.61 1292. 84 1225.38 -2.58 
150337 -102.022 47.7897 599.36 1292.56 1225.46 -2.49 
150338 -102.027 47.7897 596.74 1292.88 1226.07 -1.88 
150340 -102.038 47.7897 592.90 1292.81 1226.44 -1.52 
150341 -102.043 47.7897 597.42 1293.95 1227.06 -0.89 
150342 -102.052 47.7897 609.16 1295.22 1227.02 -0.94 
150346 -102. 071 47.7897 609.14 1296.70 1228.50 0.54 
150347 -102.076 47.7897 604.93 1296.70 1228.98 1.02 
150349 -102.093 47.7897 616.47 1298.29 1229. 28 1.32 
150350 -102.096 47.7897 617.49 1298.78 1229.65 1.69 
150351 -102.099 47.7897 617.48 1298.99 1229.86 1.90 
150353 -102.108 47.7897 614.19 1298.67 1229.91 1.95 
150354 -102.115 47.7897 618.93 1299.22 1229. 93 1.97 
150355 -102.119 47.7897 625.18 1300. 07 1230.08 2 .12 
150356 -102.125 47.7897 621.98 1299.99 1230.36 2.40 
150358 -102.133 47.7898 616.34 1303.54 1234.54 6.58 
150359 -102.138 47.7898 616.01 1303.93 1234.97 7.01 
150360 -102.142 47.7898 619.61 1304.15 1234.78 6.82 
150363 -102.161 47.7898 623.32 1304.38 1234. 60 6.64 
150364 -102.166 47.7898 629.69 1305.32 1234.83 6.87 
150401 -101.829 47.8041 650.42 1297.03 1224.22 -3.74 
150405 -101.850 47.8041 651.18 1297.22 1224.32 -3.63 
150417 -101.915 47.8042 631.24 1295.86 1225.19 -2.77 
150429 -101.979 47.8042 617.06 1295.86 1226.78 -1.18 
150430 -101.984 47.8042 613.30 1295.25 1226.59 -1.37 
150431 -101.990 47.8042 610.92 1294.72 1226.32 -1.64 
150433 -102.000 47.8042 614.22 1296.03 1227.26 -0.70 
150445 -102.065 47.8042 628.93 1298.95 1228.54 0.58 
150447 -102.076 47.8042 624.99 1299.07 1229.11 1.15 
150448 -102.080 47.8042 623.34 1298. 70 1228.92 0.96 
150449 -102.087 47.8042 623. 72 1298.85 1229.02 1.07 
150450 -102.092 47.8042 627.88 1299.29 1228.99 1.04 
150451 -102.097 47.8042 629.33 1299.55 1229.10 1.14 
150452 -102.102 47.8042 622.59 1299.13 1229. 43 1.48 
150453 -102.108 47.8042 628.24 1299.93 1229.59 1.63 
150454 -102.113 47.8042 630.36 1300.11 1229.54 1.58 
150455 -102.129 47.8042 633.55 1300.10 1229.17 1.21 
150458 -102.137 47.8042 629.55 1301. 60 1231.12 3.16 
150459 -102.140 47.8042 633.94 1302.05 1231.07 3 .12 
150460 -102.145 47.8042 637.73 1302.19 1230.80 2.84 
f 
150462 -102.156 47.8042 631. 72 1301. 73 1231.00 3.05 
150463 -102.161 47.8042 630.84 1301.91 1231.29 3.33 
150464 -102.166 47.8042 642.72 1303.86 1231.90 3.95 
( 
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150466 -102.178 47.8043 634.88 1302.26 1231.19 3.23 
150467 -102.183 47.8043 633.74 1302. 41 1231.46 3.50 
150468 -102.188 47.8042 631.59 1302. 65 1231. 94 3.98 
150469 -102.193 47.8042 625.91 1302.38 1232.31 4.35 
150470 -102.199 47.8043 624.83 1302.35 1232.40 4.44 
150471 -102.204 47.8043 622.55 1302.06 1232.36 4.41 
150472 -102.210 47.8042 622.06 1301. 87 1232.23 4.28 
150474 -102.220 47.8043 619.09 1301.65 1232.34 4.38 
150475 -102.225 47.8043 614.78 1301.17 1232.35 4.39 
150542 -102.047 47.8187 616.68 1298.90 1229.86 1.90 
150543 -102.053 47.8188 621.24 1299.40 1229.85 1.89 
150544 -102.057 47.8191 627.09 1300.21 1230.00 2.05 
150545 -102.065 47.8187 637.67 1301.30 1229.91 1.95 
150546 -102.070 47.8187 634.25 1301.51 1230.50 2.55 
150547 -102.075 47.8187 633.02 1301.55 1230.68 2.73 
150548 -102.080 47.8187 639.72 1302.30 1230.69 2.73 
150550 -102.092 47.8187 651.66 1303.56 1230.60 2.65 
150551 -102.098 47.8187 647.37 1303.55 1231. 07 3.11 
150554 -102.114 47.8188 646.82 1303.66 1231.25 3.29 
150555 -102.117 47.8188 648.86 1304.29 1231. 65 3. 69 
150574 -102.220 47.8188 628.57 1302.67 1232.30 4.34 
150575 -102.226 47.8187 619.88 1301.97 1232.57 4.61 
150576 -102.231 47.8187 611. 59 1301.33 1232.86 4.90 
150600 
-101.824 47.8330 662.79 1298.24 1224.03 -3.92 
150602 -101.836 47.8331 662.90 1298.13 1223.91 -4.04 
150604 -101.845 47.8331 662.17 1298.70 1224.57 -3.39 
150605 -101.850 47.8331 662.60 1298.74 1224.56 -3.40 
150606 -101.855 47.8331 661.96 1298.91 1224.80 -3.15 
150607 -101. 861 47.8331 662.53 1298.99 1224.81 -3.14 
150609 -101. 872 47.8331 661.77 1298.91 1224.82 -3.14 
150610 -101.877 47.8331 660.10 1299.03 1225.13 -2.83 
150611 -101.883 47.8331 658.95 1298.81 1225.04 -2.92 
150614 -101.899 47.8331 656.23 1299.11 1225.64 -2.32 
150615 -101. 904 47.8331 652.42 1299.15 1226.11 -1.84 
150617 -101.915 47.8331 649.97 1298.96 1226.20 -1.76 
150618 -101.919 47.8331 643.67 1298.18 1226.12 -1.84 
150619 -101.925 47.8331 644.65 1298. 34 1226.17 -1. 78 
150621 -101.936 47.8325 634.11 1297.58 1226.59 -1.37 
150623 -101.947 47.8331 627.98 1297.08 1226.78 -1.18 
150629 -101.980 47.8331 621.49 1298.50 1228.92 0.96 
150630 -101.985 47.8331 627.53 1300.17 1229.92 1.96 
150631 -101.990 47.8331 622.87 1298.56 1228.83 0.87 
150632 -101.994 47.8331 622.59 1298.72 1229.02 1.06 
150633 -102.000 47.8331 619.64 1298.46 1229.09 1.13 
150644 -102.059 47.8332 626.18 1300.57 1230.47 2.51 
150646 -102.072 47.8332 645.91 1303.80 1231.49 3.54 
150652 -102.102 47.8331 648.16 1303.88 1231.32 3.36 
150653 -102.108 47.8331 656.13 1304.66 1231.21 3.25 
150655 -102.118 47.8331 658.01 1305.35 1231.69 3.73 
150657 -102.129 47.8331 673.18 1306.69 1231.33 3.37 
150658 -102.135 47.8332 671. 32 1307.27 1232.11 4.15 
149 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
150660 -102.145 47.8332 669.04 1306.16 1231.26 3.30 
150661 ..:102.151 47.8332 666.59 1306.12 1231.50 3.54 
150662 -102.156 47.8332 654.89 1305.35 1232.03 4.07 
150663 -102.161 47.8332 653.42 1305.17 1232.01 4.06 
150664 -102.166 47.8332 654.26 1305.22 1231.97 4.01 
150665 -102.172 47.8332 657.04 1305.63 1232. 07 4.12 
150666 -102.178 47.8332 658.08 1305.48 1231. 81 3.85 
150667 -102.183 47.8332 655.83 1305.37 1231.95 3.99 
150668 -102.188 47.8332 654.61 1305.28 1231.99 4.04 
150669 -102.194 47.8332 647.59 1304.95 1232.45 4.49 
150670 -102.199 47.8332 644.08 1304.70 1232.60 4.64 
150671 -102.204 47.8332 647.67 1304.94 1232.43 4.47 
150672 -102.210 47.8332 643.47 1304.45 1232.41 4.45 
150673 -102.215 47.8329 638.30 1303.94 1232.48 4.53 
151214 -101.894 47.8620 658.00 1300.08 1226.41 -1.55 
151227 -101.964 47.8621 646.75 1300.47 1228.07 0.11 
151228 -101.969 47.8621 644.63 1300.41 1228.24 0.28 
151229 -101.974 47.8621 643.40 1300.48 1228.45 0.49 
151230 -101. 980 47.8621 641.00 1300.44 1228.67 o. 72 
151231 -101.985 47.8621 638.28 1300.30 1228.84 0.89 
151232 -101.990 47.8621 622.75 1299.07 1229.35 1.40 
151233 -101.995 47.8621 631. 72 1299.66 1228.94 0.98 
151234 -102.001 47.8621 637.20 1300.44 1229 .10 1.14 
151235 -102.006 47.8621 634.49 1300.28 1229.25 1.29 
151236 -102. 011 47.8621 630.54 1299.93 1229.34 1.38 
151237 -102. 017 47.8621 629.93 1300.01 1229.49 1.53 
151238 -102.022 47.8621 632.41 1300.42 1229.62 1.66 
151239 -102. 028 47.8621 632.15 1300.46 1229.69 1. 73 
151240 -102.033 47.8621 630.09 1300.41 1229.87 1.91 
151241 -102.038 47.8622 632.47 1300.83 1230.02 2.06 
151243 -102.050 47.8621 643.47 1302.08 1230.04 2.08 
151244 -102.055 47.8621 652.61 1302.88 1229,82 1.87 
151245 -102.060 47.8621 662.36 1304.17 1230.02 2.06 
151246 -102.065 47.8621 663.72 1304.31 1230.01 2.05 
151247 -102. 071 47.8621 660.10 1304.41 1230.51 2.55 
151248 -102.076 47.8621 660.36 1304.89 1230.96 3.00 
151249 -102.081 47.8621 655.41 1304.51 1231.14 3.18 
151252 -102.097 47.8621 659.38 1305.05 1231.23 3.28 
151253 -102.102 47.8621 660.99 1305.59 1231.59 3.64 
151257 -102.123 47.8621 669.06 1306.75 1231.85 3.89 
151259 -102 .140 47.8621 669.03 1306.60 1231. 70 3.75 
151260 -102.145 47.8621 667.55 1306.63 1231.89 3;94 
151262 -102.156 47.8621 671.82 1307.21 1232.00 4.04 
151263 -102.161 47.8621 676.93 1307.70 1231.92 3.96 
151264 -102.167 47 .8621 677.99 1307.81 1231.91 3.95 
151265 -102.172 47.8621 678.81 1308.00 1232.01 4.05 
151266 -102.178 4 7. 8621 680.62 1308.12 1231.92 3.96 
151267 -102.183 47.8621 681.14 1308.29 1232.03 4.07 
151268 -102.188 47.8621 681.11 1308.26 1232.01 4.05 
151270 -102.199 47.8621 675.35 1308.44 1232.83 4.87 
151271 -102.205 47.8621 676.80 1308.33 1232.55 4.60 
150 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
~i 151272 -102. 211 47.8621 678.81 1308.54 1232.55 4.59 
"" 151302 -101.834 47.8766 660.66 1298.70 1224.74 -3.22 ,. 
151303 -101.839 47.8765 655.76 1298.45 1225.04 -2.92 
151304 -101.845 47.8766 655.93 1298.50 1225.06 -2.89 
151305 -101.850 47.8766 653.85 1298.53 1225.33 -2,63 
151306 -101.855 47.8766 653.32 1298.63 1225.49 -2.47 
151307 -101.861 47.8766 654.83 1299.00 1225.69 -2.27 
151308 -101.866 47.8766 653.25 1299.61 1226.47 -1.49 
151309 -101.872 47.8766 654.61 1299.82 1226.54 -1.42 
151310 -101.878 47.8766 652.16 1299.84 1226.83 -1.13 
151311 -101.883 47.8766 650.53 1299.82 1226.99 -0.97 
151312 -101.888 47.8766 653.44 1300.25 1227.10 -0.86 
151314 -101.899 47.8766 654.28 1300.45 1227.21 -0.75 
151315 -101.904 47.8766 652.20 1300.37 1227.35 -0.61 
151316 -101.910 47.8766 654.19 1300.61 1227. 38 -0.58 
151318 -101.921 47.8766 649.30 1298.62 1225.93 -2. 03 
151319 -101.926 47.8766 644.79 1298.52 1226.33 -1.63 
151321 -101. 936 47.8766 643.62 1295.96 1223.90 -4.06 
151322 -101. 942 47.8766 644.33 1296.23 1224.10 -3.86 
151323 -101.947 47.8766 648.69 1296.46 1223.83 -4.12 
151324 -101.953 47.8766 652.50 1296.91 1223.86 -4.10 
151325 -101.958 47.8766 651.50 1301.49 1228.55 0.59 
151326 -101. 963 47.8766 648.57 1301.42 1228.81 0.85 
151327 -101. 969 47.8767 647.99 1301.41 1228.87 0.91 
151328 -10°1.975 47.8766 645.07 1300.48 1228.26 0.30 
151329 -101.980 47.8766 643.12 1299.90 1227.91 -0.05 
151330 -101. 985 47.8766 631.01 1299.59 1228.95 0.99 
151331 -101.990 47.8766 632.75 1299.67 1228.83 0.87 
151333 -102.000 47.8767 644.95 1300.37 1228.17 0.21 
151334 -102.006 47.8766 637.83 1300. 41 1229.00 1.04 
151335 -102. 011 47.8766 640.63 1300.04 1228.32 0.36 
151336 -102.017 47.8766 641.16 1300.70 1228.92 0.96 
151337 -102.022 47.8766 636.73 1300. 71 1229. 42 1.46 
151338 -102.027 47.8766 637.75 1300.07 1228.67 o. 71 
151339 -102.032 47.8766 638.79 1301.00 1229.48 1.53 
151340 -102.039 47.8766 635.85 1300.87 1229.68 1. 73 
151341 -102.043 47.8767 640.63 1301.40 1229. 68 1. 72 
151342 -102.049 47.8766 640.63 1301.49 1229. 77 1.81 
151343 -102.054 47.8766 649.72 1302.18 1229.44 1.49 
151344 -102.061 47.8766 661.60 1303.32 1229.25 1.30 
151345 -102.065 47.8766 667.41 1303.86 1229.14 1.19 
151346 -102.070 47.8766 661. 71 1303.63 1229.55 1.59 
151347 -102.075 47.8766 656.69 1303. 36 1229. 84 1.88 
151348 -102.082 47.8766 652.10 1303.97 1230.97 3.01 
151349 -102.086 47.8766 655.87 1303.50 1230.07 2 .12 
151350 -102.091 47.8766 659.88 1304.71 1230.83 2.87 
151351 -102.097 47.8766 658.95 1304.38 1230.61 2.65 
151352 -102.104 47.8766 659.83 1305.29 1231.42 3.46 
151354 -102.113 47.8766 660.35 1305.68 1231. 75 3.80 
151355 -102.119 47.8766 658.02 1306.38 1232. 71 4.75 
151356 -102.124 47.8766 657.55 1306.41 1232. 80 4.84 
151 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
151402 -101.834 47.8910 652.81 1298.59 1225.50 -2.46 
151403 -101.839 47.8910 649.65 1299.06 1226.33 -1.63 
151404 -101.845 47.8910 649.29 1299.16 1226.47 -1.49 
151405 -101.850 47.8910 650.78 1299.40 1226.54 -1.42 
151406 -101.856 47.8910 648.28 1299.27 1226.69 -1.27 
151407 -101.861 47 .8911 649.06 1299.61 1226.95 -1.01 
151409 -101.872 47.8911 656.02 1300.54 1227.10 -0.86 
151410 -101.877 47.8911 651.94 1300.44 1227.45 -a.so 
151411 -101.883 47.8911 651.23 1300.46 1227.56 -0.40 
151412 -101.888 47.8911 649.05 1300.38 1227.72 -0.24 
151413 -101.894 47.8911 648.91 1300.47 1227.83 -0.13 
151414 -101.899 47 .8911 649.49 1300.64 1227. 92 -0.03 
151415 -101.904 47.8911 649.15 1300.63 1227.96 -0.00 
151416 -101.910 47.8911 650.56 1300.86 1228.03 0.07 
151418 -101.920 47.8911 644.67 1300.53 1228.36 0.40 
151419 -101.926 47.8911 645.64 1300.75 1228.47 0.51 
151420 -101.931 47.8911 650.60 1301.27 1228.43 0.47 
151421 -101.937 47.8911 651.38 1301.37 1228.45 0.49 
151422 -101.942 47.8911 650.66 1301. 71 1228.86 0.91 
151424 -101.953 47.8911 649.92 1301.82 1229.06 1.10 
151458 -102.134 47 .8911 654.06 1306.94 1233.72 5.76 
151459 -102.141 47.8911 654.97 1306. 72 1233.39 5. 43 
151460 -102.146 47 .8911 655.65 1307.14 1233.74 5.78 
151462 -102 .156 47.8911 657.47 1307.02 1233.42 5.46 
151463 -102.161 47 .8911 658.15 1307.10 1233.42 5.46 
151464 -102.166 47 .8911 663.49 1307.50 1233.22 5.26 
151465 -102.171 47.8911 664.13 1307.59 1233.23 5.28 
151466 -102.177 47.8911 663.34 1307 .45 1233.18 5.23 
151467 -102.182 47.8911 661. 74 1307.34 1233.25 5.29 
151468 -102.188 47.8911 657.24 1306. 80 1233.22 5.26 
151470 -102.199 47.8911 660.27 1306.73 1232.81 4.86 
151471 -102.205 47.8911 654.65 1306.20 1232.91 4.95 
151472 -102.210 47 .8911 658.17 1306.34 1232.66 4.70 
151474 -102.221 47 .8911 648.22 1305.22 1232.65 4. 69 
151475 
-102.226 47.8910 649.80 1304.96 1232.21 4.25 
151476 -102.232 47.8910 642.62 1304.03 1232.09 4.13 
151478 -102.242 47.8910 643.95 1303.86 1231. 77 3.81 
151479 -102.247 47 .8911 643.03 1303.83 1231.84 3.89 
151480 -102.252 47.8910 642.42 1303.62 1231. 70 3.74 
151502 -101.834 47.9055 645.69 1298.51 1226.22 -1. 74 
151503 -101.839 47.9055 643.23 1298.15 1226.14 -1.82 
151504 -101.845 47.9055 644. 77 1298.40 1226.22 -1.74 
151505 -101.850 47.9055 648.52 1298.78 1226.17 -1. 79 
151506 -101.856 47.9055 645.76 1298.92 1226.63 -1.33 
151507 -101.861 47.9055 649.15 1299.26 1226.59 -1.37 
151508 -101.867 47.9055 649.95 1299.43 1226.66 -1.30 
151509 -101.872 47.9055 649.09 1299.62 1226.95 -1.01 
l51510 -101.877 47.9055 648.68 1299.54 1226.92 -1.04 
151511 -101.883 47.9055 645.04 1299.60 1227.39 -0. 57 
151512 -101.889 47.9055 641.16 1299.34 1227.56 -0.39 
151522 -101. 942 47.9055 643.41 1300.80 1228.76 0.81 
152 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
151523 -101.947 47.9055 642.51 1300.97 1229.04 1.08 
151524 -101.953 47.9055 643.04 1301.27 1229.28 1. 32 
151527 -101.969 47.9055 648.64 1300.81 1228.19 0.23 
151528 -101.974 47.9055 646.95 1300.90 1228.47 0.52 
151529 -101.980 47.9055 647.07 1300.63 1228.19 0.23 
151530 -101.985 47.9055 645.87 1301.19 1228.88 0.92 
151531 -101.990 47.9055 645.99 1301.54 1229.22 1.26 
151541 -102.044 47.9055 648.51 1302.20 1229.60 1.64 
151551 -102.097 47.9055 641. 74 1303.89 1232. 05 4.09 
151554 -102.114 47.9055 640.20 1303.74 1232.07 4.11 
151555 -102.119 47.9055 634.10 1303.47 1232.48 4.52 
1.51556 -102.125 47.9055 643.09 1304.29 1232.30 4.34 
151623 -101.947 47. 9200 645.56 1302.12 1229.84 1.89 
1.51625 -101.958 47.9201 647.34 1302.95 1230.47 2.52 
152102 -101.829 47.9345 642.09 1299.00 1227 .11 -0.85 
152106 -101.850 47.9345 642.83 1.299.39 1227.42 -0.54 
152110 -101.872 47.9345 636.70 1299.40 1228.12 0.16 
152111 -101. 878 47.9345 636.81 1299.81 1228. 51 0.55 
152112 -1.01.884 47.9345 636.85 1.299.68 1228.39 0.43 
152113 -101.889 47.9345 631. 56 1299.48 1228. 77 0.81 
1.52115 -1.01. 899 47.9345 640.50 1300.78 1229.07 1..11 
152116 -101.904 47.9345 641.25 1300.86 1229.07 1.11 
152117 -101.910 47.9345 641.49 1300. 79 1228.97 1.01 
152122 -101.931 47.9344 642.05 1301.93 1230.05 2.10 
152123 -101.936 47.9345 641.89 1301.96 1230.10 2.14 
152201 -101.824 47.9489 640.59 1299.1.3 1227.42 -0.54 
152202 -101.829 47.9489 639.16 1299.04 1227.48 -0.47 
152203 -101.834 47.9489 637.73 1298.91 1227.52 -0.44 
152204 -101.839 47.9489 639.03 1299.04 1227.49 -0.46 
152205 -101.845 47.9489 639.37 1299.13 1227.55 -0.40 
152206 -101.850 47.9489 638.96 1298.79 1227.26 -0.70 
152207 -101.857 47.9489 639.32 1299.01 1227.44 -0.52 
152208 -101.863 47.9489 639.10 1299.56 1228.01 0.05 
152210 -101.877 47.9489 632.75 1299.30 1228.46 0.50 
152211 -101.883 47.9489 629.92 1299.23 1228. 71 0,75 
152212 -101.888 47.9489 630.97 1299.55 1228.91 0.96 
152213 -101.893 47.9489 637.14 1300.24 1228.91 0.95 
152214 -101.898 47.9489 640.68 1300.64 1228.91 0.96 
152215 -101.904 47.9489 640.78 1300.82 1229.08 1.13 
152216 -101.910 47.9489 640.89 1301.07 1229.32 1.36 
152217 -101.915 47.9489 640.98 1301.32 1229.56 1.60 
152218 -101.920 47.9489 641.51 1301. 69 1229.87 1.91 
152219 -101.926 47.9489 641.34 1302.02 1230.22 2.26 
152220 -101.931 47.9489 640.78 1302.34 1230.60 2.65 
152221 -101.937 47.9489 641.98 1302.57 1230.70 2.74 
152222 -101.941 47.9489 641.61 1302.59 1230.76 2.80 
152223 -101.947 47.9489 643.38 1302.80 1230. 77 2.81 
' 
152224 -101.952 47.9489 643.14 1302.98 1230.98 3.02 
1 
152225 -101.958 47.9489 642.88 1303.17 1231.20 3.24 
152229 -101.980 47.9489 641.78 1303.17 1231.32 3.36 




STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
152241 -102.044 47.9489 625.21 1302.77 1232.78 4.82 
152242 .:.102.050 47.9489 625.40 1303.17 1233.16 5.20 
152243 -102.055 47.9489 620.07 1302. 62 1233.20 5.24 
152244 -102.060 47.9489 606.41 1301.38 1233.49 5.53 
152245 -102.065 47.9489 608.42 1301.57 1233.46 5.50 
152247 -102.076 47.9489 603.21 1300.79 1233.26 5.30 
152249 -102.087 47.9489 605.99 1300.98 1233.13 5.18 
152250 -102.092 47.9489 594.68 1299.88 1233.31 5.35 
152251 -102.097 47.9489 594.83 1299.33 1232.73 4.77 
152252 -102.102 47.9489 608.39 1300.41 1232.30 4.34 
152253 -102.108 47.9489 600.03 1299.86 1232.68 4.73 
152254 -102.113 47.9489 592.50 1299. 52 1233.19 5.23 
152255 -102.118 47.9489 595.68 1299.80 1233 .11 5.15 
152259 -102.140 47.9490 585.01 1300.04 1234.55 6.59 
152260 -102.146 47.9490 584.46 1300.69 1235.25 7.30 
152262 -102.156 47.9490 584.75 1300.73 1235.27 7.31 
152263 -102. 161 47.9490 583.34 1297.42 1232.11 4.15 
152264 -102.167 47.9490 583.39 1297.46 1232.15 4.19 
152267 -102.183 47.9490 583.74 1298.64 1233.29 5.34 
152269 -102.193 47.9482 587.91 1298.04 1232.22 4.27 
152308 -101.868 47.9634 632.97 1299.23 1228.37 0.41 
152309 -101. 872 47.9634 635.27 1299.25 1228.13 0.17 
152312 -101.885 47.9634 630.97 1299.67 1229.03 1.07 
152313 -101.893 47.9634 635.88 1300.47 1229.28 1.33 
152314 -101.899 47.9634 638.03 1300. 71 1229.28 1.32 
152315 -101.904 47.9634 640.94 1301.37 1229.61 1.65 
152316 -101. 910 47.9634 641.72 1301.25 1229.41 1.45 
152318 -101.920 47.9634 643.08 1302.10 1230.10 2.15 
152319 -101.926 47.9634 641.15 1302.12 1230.34 2.38 
152320 -101.931 47.9634 640.09 1302.32 1230.66 2.70 
152321 -101.937 47.9635 639.06 1302.53 1230.99 3.03 
152322 -101. 942 47.9635 639.12 1302.68 1231.13 3.17 
152323 -101.947 47.9635 637.51 1302.86 1231.48 3.53 
152324 -101. 953 47.9635 638.39 1303.38 1231.91 3.95 
152326 -101.964 47.9635 638.30 1303.26 1231.80 3.84 
152327 -101.969 47.9635 637.40 1303.92 1232.56 4.60 
152328 -101.974 47.9634 637.63 1303.88 1232.49 4.54 
152329 -101.980 47.9635 635.68 1303.85 1232.68 4.72 
152330 -101.985 47.9635 635.63 1303.88 1232. 72 4.76 
152331 -101.990 47.9635 633.75 1303.60 1232.65 4.69 
152332 -101. 996 47.9634 630.73 1303.39 1232. 78 4.83 
152364 -102.166 47.9634 606.93 1301.12 1233.17 5.21 
152366 -102.176 47.9634 598.69 1300.23 1233.20 5.24 
152367 -102.182 47.9634 596.92 1299.96 1233.14 5.18 
152368 -102.188 47.9633 594.37 1299.47 1232.93 4.97 
152370 -102,197 47.9633 584.87 1298.83 1233.35 5.40 
152371 -102.203 47.9633 582.29 1298.80 1233.61 5.66 
152409 -101.872 47.9779 632.42 1299.64 1228.83 0.88 
152410 -101.878 47.9779 637.51 1300.23 1228.86 0.90 
152412 -101. 889 47.9779 638.83 1300. 74 1229.22 1.26 
152413 -101.893 47.9779 639.77 1300.94 1229.31 1.36 
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STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
152414 -101.899 47.9779 639.01 1301.12 1229.59 1.63 
152415 -101. 905 47.9779 638.19 1303.63 1232.19 4.23 
152416 -101. 911 47.9780 637.18 1301.46 1230.13 2.17 
152417 -101.916 47.9781 636.75 1301.58 1230.29 2.33 
152418 -101.921 47.9781 624.69 1300.78 1230.84 2.88 
152419 -101. 927 47.9781 627.25 1301.17 1230.95 2.99 
152420 -101.932 47.9785 627.00 1301.28 1231.08 3.12 
152421 -101.936 47.9798 621.77 1301.02 1231.41 3.45 
152422 -101. 942 47.9808 622.35 1300.40 1230.73 2. 77 
152423 -101.947 47.9807 630.68 1301.45 1230.84 2.88 
152424 -101.953 47.9792 631.88 1302.21 1231.46 3.51 
152426 -101.963 47.9780 634.36 1303.78 1232.76 4.81 
152427 -101. 969 47.9779 634.32 1303.99 1232.98 5.02 
152429 -101.979 47.9780 633.99 1302.78 1231.80 3.84 
152430 -101.985 47.9780 625.66 1304.11 1234.06 6.11 
152431 -101.990 47.9780 630.12 1304.68 1234.14 6.18 
152432 -101. 996 47.9780 632.42 1301.22 1230.41 2.46 
152434 -102.006 47.9780 626.11 1300.91 1230.81 2.86 
152435 -102.011 47.9780 627.78 1301.22 1230.94 2.98 
152436 -102.016 47.9779 628.26 1301.25 1230.91 2.96 
152437 -102.022 47.9780 611. 81 1299.95 1231.45 3.49 
152438 -102.027 47.9779 615.84 1300.08 1231.14 3.18 
152439 -102.033 47.9780 628.61 1301.09 1230.71 2.76 
152440 -1Q2.038 47.9779 629.67 1301.20 1230.71 2.75 
152442 -102.049 47.9779 627.61 1301.22 1230.96 3.00 
152443 -102.054 47.9780 623.48 1301.78 1231. 98 4.02 
152444 -102.059 47.9779 619.76 1301.47 1232. 09 4.13 
152445 -102.065 47.9780 618.33 1301.59 1232.36 4.41 
152446 -102.070 47.9780 618.28 1300.32 1231.10 3.15 
152447 -102.076 47.9779 617.98 1300.23 1231.04 3.08 
152448 -102.081 47.9779 620.52 1300.53 1231.06 3.10 
152467 -102.183 47.9779 605.14 1301.51 1233.76 5.80 
152468 -102.188 47.9779 603.24 1300.50 1232.97 5.01 
152470 -102.199 47.9779 594.46 1300.64 1234.09 6.13 
152471 -102.204 47.9779 597.64 1302.38 1235.48 7.52 
152472 -102.210 47.9779 594.91 1301.44 1234.84 6.88 
152474 -102.221 47.9779 579.34 1297.76 1232.90 4.94 
152475 -102.226 47.9779 573.24 1296.10 1231. 93 3.97 
152476 -102.231 47.9779 576.18 1296.42 1231. 92 3.96 
152477 -102.237 47.9778 572.96 1295.47 1231.33 3.37 
152478 -102.242 47. 9778 572.98 1295.40 1231.26 3.30 
152479 -102.247 47.9779 573.09 1295.28 1231.12 3.17 
152482 -102.263 47.9778 570.22 1296.38 1232.54 4.58 
152483 -102.268 47.9779 568.25 1296.07 1232.45 4.50 
152484 -102.274 47.9778 567.27 1295.94 1232. 43 4.48 
152485 -102.279 47 .9779 567.35 1295.78 1232.26 4.30 
152486 -102.284 47.9779 567.51 1295.63 1232.10 4.14 
• 
152487 -102.290 47.9779 583.35 1296.79 1231.48 3.53 
I 152488 -102.295 47.9779 587.31 1296.97 1231.22 3.26 152489 -102.300 47.9779 587.26 1297.04 1231. 30 3.34 152491 -102. 311 47.9777 594.99 1297.48 1230.87 2.91 
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(m) (mgal) (mgal) (mgal) 
152492 -102.316 47.9777 604.45 1297.99 1230.32 2.36 
152493 -102.322 47.9778 608.49 1298.15 1230.03 2.07 
152494 -102.328 47.9778 610.70 1298.09 1229. 72 1. 76 
152495 -102.332 47.9778 614.13 1298.37 1229. 62 1. 66 
876100 -101.844 47.6422 618.39 1286.95 1217.72 -10.24 
876101 -101.844 47.6391 620.04 1288 .03 1218. 62 -9.34 
876102 -101.844 47.6355 614.87 1288.23 1219.39 -8.57 
876103 -101.844 47.6320 613.91 1287.96 1219.23 -8.73 
876104 -101.844 47.6289 616.13 1287.82 1218.84 -9.11 
876105 -101.844 47.6254 615.88 1285.09 1216.14 -11.81 
876106 -101.844 47.6217 627.58 1289.64 1219.38 -8.58 
876107 -101.844 47.6174 625.78 1286.20 1216.15 -11.81 
876108 -101.844 47. 6138 629.85 1286.46 1215.95 -12.01 
876109 -101.844 47.6101 641. 78 1287.51 1215.66 -12.30 
876110 -101.844 47.6069 633.52 1287.67 1216.74 -11.21 
876111 -101.844 47.6030 627.52 1287.04 1216.79 -11.17 
882100 -101.886 47.6426 619.60 1290. 72 1221.35 -6.61 
882101 -101.886 47.6390 615.07 1290.46 1221. 60 -6.36 
882102 -101.887 47.6364 628.38 1291.64 1221.29 -6.67 
882103 -101.886 47.6319 628.51 1291.54 1221.18 -6.78 
1514051 -102.097 47.8911 649.35 1308.95 1236.26 8.30 
1514052 -102.103 47.8911 650.09 1304.56 1231.78 3.82 
243 -101.958 47.9784 633.84 1303.51 1232.55 4.59 
87544 -101 .. 829 47.8444 660.05 1297.96 1224.06 -3.90 
87545 -101.829 47.8407 658.13 1297.70 1224.03 -3.93 
87546 -101.829 47.8362 661. 70 1297.88 1223.80 -4.16 
87548 -101.829 47.8291 661.18 1297.61 1223.59 -4.36 
87549 -101.829 47.8258 661.15 1297.54 1223.52 -4.43 
87550 -101.829 47.8225 661.87 1297.38 1223.28 -4.68 
87551 -101.829 47.8186 663.62 1297.45 1223.15 -4.80 
87552 -101.829 47.8139 659.43 1297.81 1223.99 -3.97 
87553 -101.829 47.8107 658.62 1297.45 1223.72 -4.24 
87554 -101.829 47.8075 653.49 1296.68 1223.52 -4.44 
87556 -101.829 47.7995 647.53 1296.09 1223.60 -4.36 
87557 -101.829 47.7963 650.23 1296.27 1223.48 -4.48 
87558 -101.829 47.7927 651.12 1295.90 1223.00 -4.96 
87559 -101.829 47.7897 660.84 1296.31 1222.32 -5.63 
87560 -101.829 47.7850 656.46 1295.71 1222.22 -5.74 
87563 -101.829 47.7751 654.00 1295.02 1221.80 -6.16 
87565 -101.829 47.7673 651.07 1293.62 1220.73 -7.22 
87566 -101.829 47.7642 648.28 1293.68 1221.11 -6.85 
87567 -101.829 47.7608 639.80 1291.62 1219.99 -7.97 
87568 -101.829 47.7582 636.05 1292.44 1221.23 -6.73 
87569 -101.829 47.7547 638.35 1292.49 1221.02 -6.94 
87570 -101.829 47.7513 638.81 1292.28 1220.77 -7.19 
87572 -101.829 47.7411 637.62 1291.93 1220.55 -7.41 
87573 -101.829 47.7382 637.64 1291.65 1220.26 -7.69 
87574 -101.829 47.7350 636.58 1292.04 1220.77 -7.18 
87575 -101.829 47.7317 635.74 1291. 71 1220.54 -7.42 
87576 -101.829 47.7268 637.51 1291.62 1220.25 -7. 71 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
87577 -101.829 47.7236 638.20 1291.47 1220.03 -7.93 
87579 -101.829 47.7173 638.91 1292.86 1221. 33 -6.63 
87580 -101.829 47.7132 634.05 l.292.26 1221.28 -6.68 
87581 -101.829 47. 7100 628.57 1291.64 1221.27 -6.68 
87582 -101.829 47.7071 626.35 1290.66 1220.54 -7.42 
87583 -101.829 47.7029 625.72 1290.91 1220.86 -7.10 
87585 -101.829 47.6991 620.76 1290.61 1221.12 -6.84 
87649 -101.850 47.8273 659 .11 1299.05 1225.27 -2.69 
87650 -101.850 47.8234 659.74 1298.79 1224.93 -3.03 
87651 -101.850 47.8186 655.63 1298.65 1225.25 -2. 71 
87652 -101.850 47.8151 653.86 1298.29 1225.09 -2. 87 
87654 -101.850 47.8068 652.79 1297.73 1224.65 -3.31 
87657 -101.851 47.7970 645.81 1296.59 1224.29 -3.67 
87658 -101.851 47.7930 651.14 1297.04 1224.14 -3.82 
87659 -101.851 47.7896 654.85 1297.22 1223.90 -4.05 
87660 -101.851 47.7852 652.91 1296.64 1223.55 -4.41 
87661 -101.851 47.7827 651.82 1296.85 1223.87 -4.08 
87662 -101.851 47.7785 646.54 1296.35 1223.97 -3.98 
87663 -101. 851 47.7752 639.87 1295.16 1223.53 -4.43 
87665 -101.851 47.7680 644.28 1295.21 1223.09 -4.87 
87667 -101. 872 47.7608 634.94 1293.79 1222. 71 -5.25 
87672 -101.850 47.7427 638.09 1293.09 1221.65 -6.30 
87673 -101.850 47.7391 639.45 1293.12 1221.53 -6.43 
87674 -10:J_.850 47.7358 637.08 1292.80 1221.48 -6.48 
87676 -101.850 47.7289 640.02 1292.61 1220.96 -7.00 
87677 -101.850 47.7246 638.61 1292.17 1220.67 -7.29 
87679 -101.850 47.7174 631.10 1291.14 1220.48 -7. 48 
87681 -101.850 47. 7102 624.34 1290.34 1220.45 -7.51 
87682 -101.850 47.7069 620.01 1289.88 1220.47 -7.49 
87683 -101.850 47.7030 614.52 1289.27 1220.48 -7.48 
87684 -101.850 47.6992 611.24 1288.87 1220.44 -7.51 
87685 -101.850 47.6955 610 .12 1288.73 1220.42 -7.54 
87686 -101.850 47.6919 607.85 1288.35 1220.29 -7.66 
87688 -101. 850 47.6849 604.82 1287.58 1219.87 -8.08 
87689 -101.850 47.6810 605.83 1287.31 1219.48 -8.47 
87690 -101.850 47.6770 605.36 1287.27 1219.50 -8.46 
87691 -101.847 47.6740 605.79 1287.18 1219.36 -8.59 
87698 -101.844 47.6495 615.38 1287.28 1218.39 -9.57 
88174 -101.872 47.7359 634.82 1293.24 1222.17 -5.79 
88175 -101.872 47.7319 633.16 1292.84 1221.95 -6.01 
88176 -101.872 47.7287 631.36 1292.48 1221.80 -6.16 
88177 -101.872 47.7253 628.14 1292.02 1221. 70 -6.26 
88178 -101.872 47.7222 626.59 1291. 79 1221.65 -6.31 
88179 -101.872 47.7174 625.48 1291.23 1221.20 -6.75 
88180 -101. 872 47.7137 622.62 1290.98 1221. 27 -6.68 
88181 -101.872 47.7101 613.99 1290.15 1221.41 -6.55 
88183 -101.872 47.7028 611.05 1289.46 1221.05 -6.90 
88184 -101.872 47. 6987 606.43 1288.72 1220.83 -7.13 
88185 -101.872 47.6956 605.63 1288.54 1220.73 -7.23 
88188 -101.872 47.6848 606.71 1288.96 1221.04 -6.92 
88189 -101.872 47.6812 611. 39 1289.08 1220.63 -7.33 
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88190 -101. 872 47.6782 611. 79 1288.78 1220.29 -7.67 
88191 -101.872 47.6739 611.98 1288.78 1220. 27 -7.69 
88201 -101.893 48.0014 635.89 1300. 70 1229.51 1.55 
88202 -101.893 47.9975 623.74 1299.65 1229.82 1.86 
88203 -101.893 47.9938 624. 52 1300. 72 1230.80 2.84 
88204 -101.893 47.9903 631. 77 1300.39 1229.66 1. 70 
88205 -101.893 47.9872 634.59 1300.36 1229.31 1.36 
88206 -101.893 47.9833 637.01 1300.46 1229 .14 1.18 
88207 -101.893 47.9794 638.86 1300. 71 1229.18 1.23 
88208 -101.893 47.9760 637.66 1300.11 1228. 72 0.76 
88209 -101.893 47.9726 644.39 1298.18 1226.26 -1. 70 
88211 -101.893 47.9653 635.08 1297.71 1226.61 -1.35 
88212 -101.893 47.9619 636.36 1297.68 1226.44 -1.52 
88213 -101.893 47.9581 636.96 1297. 77 1226.46 -1.50 
88214 -101.893 47.9550 636.16 1297.62 1226.40 -1.56 
88215 -101.893 47.9513 638.96 1297.78 1226.25 -1. 71 
88216 -101.893 47.9490 638.48 1297.69 1226.21 -1. 75 
88217 -101.893 47.9449 637.88 1297.55 1226.13 -1.82 
88225 -101.893 47.9166 638.65 1298.49 1226.99 -0.97 
88226 -101.893 47.9127 642.29 1299.62 1227.72 -0.24 
88227 -101.893 47.9093 641.78 1299.50 1227.65 -0.31 
88228 -101.893 47.9056 642.58 1299.46 1227.52 -0.44 
88229 -101.893 47.9021 647.42 1299.77 1227.29 -0.66 
88230 -10:)...893 47.8984 646.10 1299.58 1227.24 -o. 71 
88231 -101.893 47.8947 650.25 1299.87 1227.08 -0.88 
88232 -101.893 47.8911 649.03 1299.64 1226.98 -0.98 
88233 -101.893 47.8876 649.82 1299.68 1226.93 -1.02 
88234 -101.893 47.8839 651. 73 1299.76 1226.79 -1.16 
88235 -101. 893 47.8797 649.95 1299.50 1226.73 -1.23 
88236 -101. 893 47.8766 652.16 1299.50 1226.49 -1.47 
88237 -101.893 47.8727 656.64 1299.77 1226.25 -1. 71 
88238 -101.893 47.8691 655.63 1299.59 1226.19 -1. 77 
88239 -101.893 47.8657 656.84 1299.43 1225.89 -2.07 
88241 -101.893 47.8586 657.81 1299.33 1225.68 -2.27 
88242 -101.893 47.8549 658.10 1299.24 1225.56 -2.39 
88243 -101.893 47.8514 658.34 1299.29 1225.58 -2.38 
88244 -101.893 47.8477 657.05 1299 .11 1225.56 -2.40 
88259 -101.893 47.7898 636.05 1297. 77 1226.56 -1.39 
88267 -101.893 47.7608 621.98 1295.24 1225.61 -2.35 
88276 -101.893 47.7289 617.03 1293.17 1224.09 -3.86 
88277 -101. 893 47.7254 614. 72 1293.03 1224.21 -3.75 
88278 -101.893 47.7216 614.98 1292.74 1223.89 -4.07 
88281 -101.893 47.7090 607.52 1291. 61 1223. 60 -4.36 
88282 -101.893 47.7062 608.48 1290.44 1222.32 -5.64 
88286 -101.893 47.6916 607.57 1290.07 1222.05 -5.91 
88291 -101.893 47.6739 619.02 1290.00 1220.70 -7.26 
88292 -101.886 47.6700 620.13 1287.25 1217.83 -10.13 
88293 -101.886 47.6662 618.62 1287.34 1218.08 -9.88 
88294 -101.887 47.6627 617.74 1287.67 1218.52 -9.44 
88295 -101.886 47.6608 618.78 1287.92 1218.64 -9.32 
88296 -101.887 47.6574 622.16 1292.73 1223.08 -4.88 
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( rn) (rngal) (mgal) (mgal) 
88297 -.101. 887 47.6543 625.31 1292. 93 1222.92 -5.04 
88298 -101.887 47.6511 621.45 1291. 07 1221. 50 -6.46 
88306 -101.915 47.9817 633.98 1300. 78 1229.81 1.85 
88308 -101.915 47.9744 630.37 1300.94 1230.37 2.41 
88309 -101.915 47.9707 636.27 1301.04 1229.81 1.85 
88311 -101.915 47.9634 641.26 1301.41 1229.62 1.66 
88312 -101.915 47.9600 641.35 1301.31 1229.51 1.55 
88315 -101.915 47.9488 640.96 1301.19 1229.43 1.48 
88319 -101.915 47.9344 646.24 1301.23 1228.89 0.93 
88321 -101. 915 47.9273 642.70 1300. 76 1228.80 a.es 
88322 -101.915 47.9235 641.97 1300.38 1228.51 0.55 
88323 -101.915 47.9199 637.38 1300.29 1228.93 0.97 
88325 -101.915 47.9127 638.47 1300 .15 1228.67 0. 71 
88326 -101.915 47.9091 640.24 1300.22 1228.54 0.58 
88327 -101. 915 47.9055 648.12 1300.82 1228.26 0.30 
88328 -101. 915 47.9021 642.08 1300.40 1228.51 0.56 
88329 -101. 915 47.8983 644.55 1300.01 1227.85 -0.10 
88331 -101.915 47.8909 647.36 1299.80 1227.32 -0.64 
88332 -101.915 47.8871 651. 69 1300.58 1227.62 -0.34 
88333 -101.915 47.8837 649.52 1300.23 1227.52 -0.44 
88335 -101.915 47.8765 651. 37 1300.23 1227.31 -0.65 
88337 -101.915 47.8693 654.79 1299.84 1226.54 -1.42 
88341 -101.915 47.8548 652.93 1299.40 1226.30 -1.65 
88342 -101. 915 47.8519 651.50 1299.53 1226.60 -1.36 
88343 -101.915 47 .8477 647.57 1299.00 1226.50 -1.45 
88344 -101.915 47.8437 646.16 1298.52 1226.18 -1.78 
88345 -101.915 47.8404 647.66 1299.00 1226.49 -1.47 
88346 -101.915 47.8364 650.51 1298.14 1225.31 -2.65 
88348 -101.915 47.8294 646.53 1298.79 1226.41 -1.55 
88350 -101.915 47.8223 645.68 1298.73 1226.44 -1.52 
88351 -101.915 47.8187 647.92 1298.09 1225.55 -2.40 
88352 -101. 915 47.8151 646.67 1297.69 1225.29 -2.67 
88353 -101.915 47.8114 645.00 1297.86 1225.65 -2.31 
88354 -101. 915 47.8077 635.65 1297.06 1225.90 -2.06 
88356 -101. 915 47.8007 628.81 1296.47 1226.07 -1.89 
88357 -101.915 47.7969 632.14 1296.38 1225.61 -2.35 
88358 -101. 915 47.7930 628.28 1296.18 1225.84 -2 .11 
88359 -101.915 47.7897 626.19 1295.85 1225.75 -2.21 
88361 -101.915 47. 7824 626.53 1295.30 1225.16 -2.80 
88376 -101.915 47.7282 604.81 1288.80 1221.09 -6.87 
88377 -101. 915 47.7250 601.72 1288.37 1221.01 -6.95 
88378 -101. 915 47. 7214 604.60 1288.34 1220.65 -7.31 
88380 -101.915 47. 7139 601.11 1287. 71 1220.41 -7.55 
88381 -101.915 47.7101 602. 56 1287. 68 1220.23 -7.73 
88382 -101.915 47.7064 602.84 1288.30 1220.81 -7.15 
88384 -101.915 47.7007 601.39 1287. 75 1220.42 -7. 53 
88416 -101.936 47.9448 640.61 1304.26 1232.54 4.58 
.88417 -101. 936 47.9412 641. 77 1304.29 1232.44 4.49 
88418 -101.936 47.9379 643.23 1304.19 1232 .18 4.22 
88420 -101.936 47.9308 639.45 1303.51 1231.92 3.96 
88421 -101.936 47.9272 641.05 1303.64 1231.87 3.91 
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STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
88422 -101. 937 47.9235 642.72 1303.72 1231.76 3.80 
88450 -101.936 47.8228 627.70 1296.61 1226.34 -1.62 
88451 -101.936 47.8187 625.92 1296.05 1225.98 -1.98 
88452 -101.936 47.8154 630.80 1296.31 1225. 69 -2.27 
88453 -101.937 47 .8115 625.55 1295.64 1225.61 -2.35 
88454 -101.936 47.8079 623.49 1295.39 1225.59 -2.36 
88455 -101. 936 47.8041 622.76 1295.22 1225.50 -2.46 
88456 -101.936 47.8004 621.42 1294.94 1225.37 -2.59 
88457 -101.937 47 •. 7973 613.68 1294.10 1225.40 -2.56 
88458 -101.937 47.7938 609.01 1293.51 1225.33 -2.63 
88459 -101. 936 47.7897 616.19 1294.08 1225.10 -2.86 
88460 -101.936 47.7861 607.32 1293.44 1225.45 -2.50 
88461 -101.936 47.7822 618.32 1294.17 1224.95 -3.01 
88462 -101.936 47.7791 612.81 1293.57 1224.96 -3.00 
88463 -101.936 47.7752 606.78 1292.97 1225.04 -2.92 
88464 -101. 936 47.7741 607.31 1292. 71 1224.72 -3.24 
88465 -101.936 47.7689 612.52 1293.03 1224.46 -3.50 
88466 -101.936 47.7651 614.10 1292.97 1224.22 -3.74 
88467 -101.936 47.7606 614.69 1292.67 1223.85 -4.11 
88468 -101. 936 47.7579 613.07 1292.25 1223. 62 -4.34 
88470 -101.936 47.7511 611.08 1291. 70 1223.29 -4.67 
88471 -101.936 47.7465 608.18 1291. 23 1223.14 -4.82 
88511 -101.958 47.9635 637.95 1302.98 1231.56 3.60 
88512 -10_1. 958 47.9604 642.32 1303.72 1231. 81 3.85 
88513 -101. 958 47.9570 642.72 1303.90 1231.95 3.99 
88514 -101.958 47.9532 639.53 1303.36 1231. 76 3.80 
88516 -101.958 47.9452 642.49 1304.36 1232.43 4.47 
88517 -101. 958 47.9418 641.56 1303.04 1231.21 3.26 
88518 -101. 958 47.9384 641.83 1302.96 1231.10 3.14 
88519 -101.958 47.9345 641.16 1302.93 1231.15 3.19 
88520 -101.958 47.9310 644.27 1303.20 1231.07 3.11 
88531 -101.958 47.8911 648.62 1299.98 1227.36 -0.60 
88538 -101. 958 47.8661 647.58 1295.80 1223.30 -4.65 
88539 -101.958 47.8621 646.43 1297.77 1225.40 -2.56 
88540 -101.958 47.8585 648.05 1297.65 1225.10 -2 .86 
88541 -101. 958 47.8550 644.13 1297.35 1225.23 -2. 72 
88542 -101. 958 47.8516 643.38 1295.31 1223.28 -4.68 
88543 -101. 958 47. 8477 642.67 1295.10 1223.15 -4.81 
88601 -101.980 47.9987 631.25 1305.34 1234. 66 6. 71 
88602 -101. 980 47.9945 624.93 1302.96 1233.00 5.04 
88603 -101.980 47.9923 624.84 1303.06 1233.11 5.15 
88604 -101.979 47.9887 626.92 1303.27 1233.08 5.13 
88605 -101. 980 47.9852 631.06 1303.83 1233.18 5.22 
88606 -101. 979 47.9814 632.35 1304.01 1233.22 5.26 
88612 -101.980 47.9599 638.44 1303.05 1231.57 3.61 
88613 -101. 980 47.9563 635.71 1302.81 1231.64 3.68 
88614 -101.980 47.9530 635.52 1302.73 1231.58 3.62 
88679 -101.979 47.7174 603.73 1292,86 1225,27 -2.68 
88680 -101. 979 47. 7143 604.35 1292.53 1224.87 -3.08 
88681 -101.979 47.7114 601.38 1292.37 1225. 04 -2.91 
88682 -101.979 47. 7071 604.69 1292.19 1224.50 -3.46 
160 
STATION ID LONGITUDE.LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
88683 -101. 979 47.7028 604.83 1293.43 1225.72 -2.24 
88684 -101.979 47.6994 607.31 1291.92 1223.93 -4.03 
88685 -101.979 47.6957 611. 46 1291. 60 1223.14 -4.82 
88686 -101.979 47.6925 610.96 1292.10 1223.70 -4.26 
88688 -101. 979 47.6855 620.70 1292.84 1223.35 -4.61 
88689 -101.979 47.6821 628.48 1292.86 1222.50 -5.46 
88690 -101. 979 47.6776 626.44 1292.64 1222.51 -5.45 
88691 -101. 979 47.6740 638.55 1292.14 1220.65 -7.31 
89112 -102.000 47.9600 623.37 1302.32 1232.53 4.58 
89113 -102.000 47.9563 634.30 1304. 90 1233.88 5.93 
89114 -102.000 47.9530 635.05 1303.77 1232.67 4. 71 
89115 -102.000 47.9489 639.94 1305.76 1234 .11 6.15 
89116 -102.000 47.9450 645.58 1304.05 1231. 78 3.82 
89118 -102.000 47.9375 646.84 1304.89 1232.48 4.52 
89119 -102.001 47.9346 650.56 1305.28 1232.45 4.49 
89120 -102.000 47.9311 646.24 1303.97 1231. 62 3.66 
89122 -102.000 47.9237 647.15 1307.72 1235.27 7.32 
89123 -102.001 47.9201 646.98 1307.83 1235.40 7.44 
89124 -102.001 47.9166 645.99 1307.01 1234.69 6.73 
89125 -102.001 47.9133 644.38 1307.06 1234.91 6.96 
89126 -102.001 47.9094 645.49 1302.94 1230.68 2.72 
89127 -102.001 47.9055 643.95 1301.68 1229.59 1.63 
89128 -102.001 47.9018 643.50 1301.34 1229.30 1. 34 
89130 -10,2.001 47.8948 646.26 1302.85 1230.50 2.54 
89131 -102.001 47.8910 645.64 1302.46 1230.18 2.22 
89132 -102.001 47 .8869 645.46 1299.32 1227.06 -0.90 
89133 -102.001 47.8838 645.24 1299 .11 1226.87 -1.09 
89134 -102.001 47.8802 645.19 1298.94 1226.71 -1. 25 
89135 -102.001 47.8766 644.82 1299.04 1226.86 -1.10 
89136 -102.001 47.8722 639.91 1297.54 1225.90 -2.06 
89137 -102.001 47.8685 638.39 1297. 82 1226.35 -1.61 
89143 -102.001 47.8477 631.82 1298.93 1228.19 0.24 
89146 -102.001 47 .8371 617.21 1297.20 1228.10 0.14 
89148 -102.001 47.8297 619.63 1297.59 1228.22 0.26 
89149 -102.001 47.8265 621.56 1297.80 1228.21 0.26 
89150 -102.001 47.8229 619.27 1297.46 1228.13 0.17 
89151 -102.001 47.8187 619.86 1297.73 1228.33 0.37 
89158 -102.001 47.7970 609.56 1296.27 1228.03 0.07 
89159 -102.001 47.7897 603.11 1295.79 1228.27 0.31 
89163 -102.001 47. 7752 595.94 1294.44 1227. 72 -0.24 
89165 -102.001 47.7681 594.87 1294.25 1227.66 -0.30 
89166 -102.000 47.7651 593.67 1294.31 1227.84 -0.12 
89167 -102.001 47.7609 588.42 1293.65 1227.78 -0.18 
89172 -102.001 47.7434 589.05 1296 .13 1230.18 2.23 
89173 -102.001 47.7391 595.26 1296.08 1229.43 1.48 
89174 -102,001 47.7355 599.34 1296.29 1229.20 1.24 
89307 -102.043 47.9778 628.88 1302.27 1231.87 3.91 
89308 -102.043 47.9743 629.88 1302.36 1231.84 3.88 
89309 -102.043 47.9705 620.12 1301.63 1232.20 4.24 
89310 -102. 043 47.9669 607.80 1300.61 1232.56 4.60 
89311 -102.043 47.9634 602.70 1300.17 1232.69 4.73 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
89312 -102.043 47,9600 611. 24 1302.02 1233.59 5.63 
89313 -102.043 47.9562 625.51 1302.28 1232.25 4.30 
89314 -102.043 47.9529 628.02 1302.50 1232.19 4.24 
89316 -102.043 47.9457 626.00 1303.41 1233.33 5.37 
89317 -102.043 47.9418 633.24 1303.02 1232.12 4.17 
89318 -102.043 47.9382 626.35 1302.39 1232.27 4.31 
89319 -102.043 47.9309 636.19 1303.60 1232.38 4.42 
89320 -102.043 47.9273 637.90 1304.09 1232.68 4. 72 
89321 -102.043 47.9239 642.80 1305.19 1233.23 5.27 
89324 -102.043 47.9161 646.84 1303.81 1231. 40 3.44 
89325 -102.043 47.9127 649.24 1303.79 1231.10 3.15 
89326 -102.043 47.9097 650.52 1303.69 1230.86 2.90 
89328 -102.043 47.9025 646.59 1302.98 1230.60 2.64 
89329 -102.043 47.8983 643.97 1302.70 1230.60 2.65 
89330 -102.043 47.8949 641.65 1302.15 1230.31 2.36 
89331 -102.043 47.8912 642.81 1303.07 1231.11 3.15 
89332 -102.043 47.8877 645.34 1302.04 1229.79 1.84 
89333 -102.043 47.8838 638.73 1301.18 1229.68 1. 72 
89334 -102.043 47.8800 645.63 1301. 62 1229.34 1.38 
89336 -102.043 47.8741 636.04 1300.54 1229.33 1.38 
89337 -102.043 47.8702 635.78 1300.32 1229.14 1.18 
89338 -102.043 47.8666 635.69 1300.84 1229.68 1.72 
89339 -102,043 47.8621 635.68 1300.04 1228.88 0.92 
89341 -102.043 47.8557 642.77 1300.43 1228.47 0.51 
89342 -102.043 47.8520 640.41 1301.08 1229.39 1.43 
89343 -102.043 47. 8477 636.80 1300.92 1229.63 1.67 
89349 -102.043 47.8260 613.65 1297.47 1228. 77 0.81 
89350 -102.043 47.8250 615.02 1298.29 1229.44 1.48 
89352 -102.043 47.8162 608.21 1297.93 1229.84 1.88 
89353 -102.043 47.8123 607.13 1297.58 1229.61 1.65 
89354 -102.043 47.8082 604.44 1297.32 1229.65 1.69 
89355 -102.043 47.8043 606.12 1297.85 1229.99 2. 03 
89356 -102.043 47.8028 606.82 1298.27 1230.34 2.38 
89357 -102.043 47.7980 604.82 1297.08 1229.37 1.41 
89358 -102.043 47.7943 601.82 1296.08 1228.70 0.74 
89359 -102.043 47.7898 597.45 1294.04 1227.16 -0.80 
89360 -102.043 47.7865 594.14 1293.37 1226.86 -1.10 
89361 -102.043 47.7829 593.61 1293.26 1226.80 -1.16 
89362 -102.043 47.7788 590.68 1293.67 1227.55 -0.41 
89363 -102.043 47.7753 589.64 1294.94 1228.93 0.97 
89372 -102.044 47.7431 581.26 1293.27 1228.20 0.24 
89374 -102.044 47.7355 583.17 1292.63 1227.34 -0.62 
89376 -102 .044 47.7283 585.40 1292.88 1227.34 -0.62 
89377 -102.044 47.7246 588.36 1292.99 1227.12 -0.83 
89378 -102.044 47. 7210 587.46 1293 .11 1227.34 -0.62 
89379 -102.044 47.7173 595.49 1293.79 1227.13 -0.83 
89380 -102. 044 47. 7141 596.39 1292.94 1226.18 -1. 78 
89381 -102 .044 47.7102 602.53 1293.79 1226.34 -1.62 
89382 -102.044 47.7070 608.22 1294.33 1226.24 -1. 72 
89384 -102.044 47.6991 620.98 1294.52 1225.00 -2.96 
89385 -102.044 47.6955 616.79 1294.25 1225.20 -2. 75 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal} (mgal} (mgal} 
89386 -102.044 47.6919 609.15 1293.54 1225.35 -2.61 
89387 -102.044 47.6885 613.87 1293.64 1224.92 -3.04 
89388 -102.044 47.6852 618.45 1293. 79 1224.55 -3.41 
89389 -102.044 47.6812 621.05 1293.80 1224.27 -3.69 
89391 -102.043 47.6740 627.92 1294.03 1223.73 -4.22 
89439 -102.065 47.8331 640.61 1302.27 1230.55 2.59 
89451 -102.065 47.8180 633.47 1302.92 1232.00 4.05 
89452 -102.065 47.8144 629.49 1301.69 1231.22 3.26 
89453 -102.065 47.8115 629.18 1304.47 1234.03 6.07 
89454 -102.065 47.8080 632.18 1304.99 1234.22 6.26 
89455 -102.065 47.8043 628.22 1304.35 1234.02 6.06 
89456 -102.065 47.8007 626.10 1303.64 1233. 55 5.59 
89457 -102.065 47.7969 618.75 1301. 79 1232.52 4.56 
89458 -102.065 47.7935 613.15 1300.59 1231.94 3.98 
89459 -102.065 47.7897 614.61 1300.38 1231.57 3.61 
89460 -102.065 47.7867 613.67 1299.43 1230.72 2.76 
89461 -102.065 47.7826 600.43 1297.76 1230.54 2.59 
89463 -102.065 47.7752 596.38 1297.39 1230.63 2.67 
89472 -102.065 47.7426 573.87 1296.47 1232.22 4.26 
89473 -102.065 47.7391 579.16 1296.24 1231.40 3.45 
89474 -102.065 47.7352 584.50 1296.51 1231.07 3 .11 
89475 -102.065 47.7318 582.90 1296.38 1231. 12 3.16 
89476 -102.065 47.7280 587.01 1296.57 1230.85 2.90 
89477 -102.065 47.7247 592.97 1297.02 1230.64 2.68 
89478 -102.065 47.7213 593.63 1296.96 1230.50 2.54 
89480 -102.065 47.7134 609.81 1298.10 1229.83 1.87 
89481 -102.065 47.7101 613.12 1298.42 1229.78 1.82 
89482 -102. 065 47.7065 622.18 1298.89 1229.24 1.28 
89483 -102.065 47.7030 622.27 1298.79 1229.12 1.16 
89484 -102.065 47.6992 618.22 1298.20 1228.99 1.03 
89485 -102.065 47.6966 613.85 1292.41 1223.69 -4.27 
89486 -102.065 47.6932 608.06 1292.12 1224.05 -3.91 
89487 -102.065 47.6884 603.35 1291.35 1223.80 -4.15 
89488 -102.065 47.6853 609.60 1291.83 1223.59 -4.37 
89489 -102.065 47.6821 613.03 1292.03 1223.40 -4.56 
89490 -102.065 47.6791 616.29 1292.24 1223.24 -4. 71 
89491 -102.058 47.6739 620.29 1294.12 1224.68 -3.28 
89493 -102.058 47.6668 630.28 1294. 43 1223.87 -4.09 
89494 -102.058 47.6637 637.99 1294.80 1223.37 -4.58 
89495 -102.058 47.6607 643.46 1294.59 1222.55 -5.41 
89496 -102.058 47. 6571 643.17 1294.75 1222.74 -5.22 
89497 -102.058 47.6544 643.35 1294.68 1222.65 -5.30 
89498 -102.057 47.6507 635.43 1294.03 1222.89 -5.07 
89507 -102.087 47.9777 621. 78 1300.98 1231.37 3.41 
89513 -102.087 47.9562 599.02 1299.63 1232.56 4.61 
89514 -102. 087 47.9528 592.31 1299.29 1232.97 5.02 
89517 -102.087 47.9418 625.95 1302.33 1232.26 4.30 
89518 -102.087 47.9385 629.97 1302.89 1232.36 4.41 
89519 -102.087 47.9345 631.16 1302.93 1232.27 4.31 
89520 -102.087 47.9305 634.15 1303.18 1232.18 4.22 
89521 -102.087 47.9273 634.03 1303.18 1232.20 4.24 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
89522 -102.087 47.9236 630.13 1302.86 1232.31 4.35 
89523 -lb2.087 47.9201 634.92 1303.16 1232.07 4.12 
89524 -102.087 47.9165 635.64 1303.26 1232.10 4.14 
89525 -102.087 47.9128 636.67 1303.45 1232.17 4.22 
89526 -102.087 47.9093 638.21 1303.60 1232 .15 4.20 
89528 -102.087 47.9021 643.30 1304.09 1232.07 4.11 
89529 -102.087 47.8985 645.65 1304.12 1231.84 3.88 
89530 -102.087 47.8950 646.26 1304.17 1231.82 3.86 
89531 -102.087 47.8912 648.81 1304.29 1231. 65 3.69 
89532 -102.087 47.8876 649.71 1304.38 1231.64 3.69 
89533 -102.087 47.8841 653.16 1304.49 1231.37 3.41 
89534 -102.087 47.8805 656.49 1304.81 1231.31 3.35 
89535 -102.087 47.8766 656.37 1304.81 1231.32 3.37 
89536 -102 .087 47.8729 653.73 1304.08 1230.89 2.94 
89537 -102.087 47.8694 656.38 1304.17 1230.69 2.73 
89538 -102.087 47.8655 657.84 1304.33 1230.68 2. 72 
89539 -102.087 47.8622 658.68 1304.92 1231.18 3.22 
89540 -102. 087 47.8582 661.17 1305.49 1231.47 3.51 
89541 -102.087 47.8549 662.79 1304.54 1230.33 2.38 
89542 -102.087 47.8512 664.47 1304.55 1230.16 2.20 
89543 -102.087 47.8477 654.52 1304.16 1230.89 2.93 
89548 -102.086 47.8298 649.04 1303.64 1230.97 3.02 
89550 -102.086 47.8224 646.52 1302.98 1230.60 2. 64 
89551 -102.086 47.8186 651.09 1303.17 1230.28 2.32 
89558 -102.086 47.7933 606.50 1298.19 1230.29 2.33 
89559 -102.086 47.7897 607.18 1298.09 1230.11 2.16 
89561 -102.086 47.7826 608.34 1298.75 1230.65 2.69 
89562 -102.086 47.7791 604.58 1298.52 1230.84 2.88 
89563 -102.086 47.7754 605.32 1298.46 1230.70 2.74 
89564 -102.086 47. 7716 600.78 1297.87 1230.61 2.65 
89565 -102.086 47.7683 600.86 1297.81 1230.54 2.58 
89566 -102.086 47.7651 598.92 1297.64 1230.59 2.63 
89567 -102.086 47.7608 597.55 1297.44 1230.54 2.58 
89569 -102.086 47.7536 586.67 1296.92 1231.25 3.29 
89570 -102.086 47.7505 581. 70 1296. 71 1231.58 3. 62 
89580 -102.086 47. 7139 619.46 1296.40 1227.05 -0.91 
89581 -102.086 47.7102 610.15 1295.58 1227.27 -0.68 
89582 -102.086 47.7064 601. 78 1294.69 1227.32 -0.64 
89584 -102.086 47.6993 605.67 1294.60 1226.79 -1.16 
89585 -102.086 47.6959 600.58 1294.07 1226.83 -1.13 
89586 -102.086 47.6923 595.41 1293.38 1226.72 -1.24 
89587 -102.086 47.6884 604.09 1293.82 1226.19 -1.77 
89588 -102.086 47.6849 606.20 1293.87 1226.00 -1.96 
89589 -102.086 47.6813 613.97 1295.40 1226.67 -1.29 
89590 -102.086 47.6774 618.40 1294.42 1225.19 -2. 77 
89627 -102.108 47.9055 639.74 1303.72 1232.10 4.14 
89639 -102.108 47.8621 659.01 1306.70 1232.92 4.97 
89659 -102.108 47.7898 614.74 1300.57 1231.75 3.79 
89663 -102.108 47.7752 599.94 1298.87 1231.70 3.74 
89675 -102.108 47.7318 577.55 1292.88 1228.22 0.27 
89676 -102.108 47.7282 598.64 1295.46 1228.44 0.49 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
89677 -102.108 47.7247 604.79 1295.52 1227.82 -0.14 
89678 -102.108 47.7215 611.25 1297.22 1228.79 0.83 
89679 -102.108 47.7174 601.61 1295.52 1228.16 0.21 
89680 -102.108 47.7117 606.74 1295.38 1227.45 -0.51 
89681 -102.108 47.7084 602.44 1294.78 1227.33 -0.62 
89682 -102.108 47.7053 584.85 1293.16 1227. 69 -0.27 
89683 -102.108 47.7016 596.04 1294.06 1227.33 -0.63 
89684 -102.108 47.6992 604.20 1294.44 1226.80 -1.16 
89685 -102.108 47.6957 604.78 1294.58 1226.87 -1.08 
89686 -102.108 47.6923 610.40 1295.74 1227.40 -0.56 
89687 -102.108 47.6884 620.94 1294.97 1225.46 -2.50 
89688 -102.108 47.6849 628.87 1295.84 1225.43 -2. 52 
89689 -102.108 47.6817 629.71 1295.75 1225.25 -2. 71 
89690 -102.108 47.6793 630.49 1294.11 1223.53 -4.43 
89691 -102.108 47.6742 633.73 1295.55 1224.60 -3.36 
90101 -102.129 47.9986 644.60 1302.02 1229.85 1.89 
90102 -102.129 47.9951 646.68 1302.25 1229.85 1.89 
90103 -102.129 47.9923 648.09 1302.38 1229.83 1.87 
90104 -102.129 47.9890 647.72 1302.55 1230.03 2.01 
90105 -102.129 47.9854 644.53 1302.52 1230.36 2.41 
90106 -102.129 47.9817 642.27 1302.49 1230.59 2.63 
90107 -102.129 47.9781 642.51 1302.55 1230.61 2.66 
90108 -102.129 47.9747 634.87 1302.20 1231.12 3.16 
90109 -102.129 47.9714 625.43 1301.40 1231. 38 3.42 
90110 -102:129 47.9675 612.32 1300.45 1231.90 3.94 
90111 -102 .129 47.9636 609.20 1300.30 1232.10 4.14 
90112 -102.129 47.9599 605.26 1300.13 1232.37 4.41 
90113 -102.129 47.9564 592.45 1299.15 1232.83 4.87 
90114 -102.129 47.9529 588.81 1298.98 1233.06 5.10 
90115 -102.129 47.9488 588.80 1299.12 1233.21 5.25 
90115 -102.129 47.9488 588.80 1299.02 1233.10 5.14 
90116 -102.129 47.9450 587.88 1299.09 1233.28 5.32 
90118 -102.129 47.9373 601.84 1300.39 1233.01 5.05 
90119 -102.129 47.9344 606.47 1300.75 1232. 85 4.89 
90120 -102.129 47.9308 613.40 1301.45 1232.78 4.82 
90121 -102.129 47.9272 616.52 1301.76 1232.74 4.78 
90122 -102.129 47.9237 623.45 1302.64 1232.84 4.88 
90123 -102.129 47.9199 625.80 1302.43 1232.37 4.42 
90124 -102.129 47.9158 629.90 1302.90 1232.38 4.42 
90125 -102.129 47.9124 635.36 1303.32 1232.19 4.23 
90127 -102 .129 47.9055 644.73 1303.65 1231.47 3.52 
90128 -102.129 47.9018 645.52 1303.84 1231.57 3.61 
90129 -102.129 47.8984 649.68 1304.12 1231.39 3.43 
90130 -102.129 47.8948 654.25 1304.66 1231.41 3.46 
90131 -102.129 47.8910 654.91 1305.59 1232.27 4.31 
90132 -102.129 47.8874 653.53 1305.51 1232.34 4.38 
90133 -102.129 47.8838 656.53 1304.60 1231.10 3.14 
90134 -102.129 47.8787 658.22 1305.20 1231.51 3.55 
90135 -102.129 47.8766 660.61 1306.78 1232.82 4.87 
90147 -102.129 47.8334 673.40 1307.09 1231. 70 3.74 
90148 -102.129 47.8300 672.24 1305.69 1230.43 2.47 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
90149 :-102.129 47.8261 666.55 1305.24 1230.61 2.66 
90150 -102.129 47.8221 660. 77 1304.79 1230.81 2.86 
90151 -102 .129 47.8192 649.50 1303.71 1231.00 3.04 
90152 -102.129 47.8151 637.79 1302.58 1231.18 3.22 
90153 -102.129 47.8116 632.70 1302.10 1231.26 3.31 
90154 -102.129 47.8077 634.41 1301.69 1230.67 2. 71 
90155 -102.129 47.8043 634.27 1301.99 1230.98 3.03 
90156 -102.129 47.8018 632.37 1301.53 1230.73 2.78 
90157 -102.129 47.7982 625.50 1300.70 1230.67 2.71 
90158 -102.129 47.7946 624.62 1300.57 1230.64 2.68 
90159 -102 .129 47.7899 620.35 1300.18 1230.73 2. 77 
90160 -102.129 47.7851 616.32 1299. 70 1230.70 2.74 
90162 -102.129 47.7788 609.72 1299.95 1231. 69 3.73 
90163 -102.129 47.7753 609.79 1298.55 1230.28 2.32 
90164 -102.129 47. 7714 607.37 1298.51 1230.51 2.56 
90165 -102.129 47.7680 600.09 1297.75 1230.57 2.61 
90166 -102.129 47. 7645 603.08 1297.57 1230.05 2.09 
90167 -102.129 47.7609 603.37 1297.54 1229.99 2.03 
90168 -102.129 47.7570 607.25 1297.52 1229.54 1.58 
90169 -102 .129 47.7531 612.37 1298.82 1230.26 2.30 
90170 -102.129 47.7495 609.01 1297.22 1229.04 1.08 
90192 -102.121 47.6695 660.24 1299.54 1225.63 -2.33 
90193 -102.121 47.6643 646.79 1298.29 1225.88 -2.08 
90194 -10.2 .121 47.6606 653.77 1298.64 1225. 45 -2.51 
90195 -102.121 47.6576 652.58 1298.53 1225.47 -2.49 
90196 -102.121 47.6527 642.17 1298.10 1226.21 -1. 75 
90198 -102.121 47.6495 636.41 1294.49 1223.24 -4. 72 
90199 -102 .120 47.6472 627.81 1293.70 1223.41 -4.55 
90201 -102.150 47.9999 635.99 1301.86 1230.66 2.70 
90202 -102.150 47.9958 639.64 1302.11 1230.50 2.54 
90203 -102.150 47.9923 643.90 1302. 68 1230.60 2.64 
90204 -102.150 47.9885 633.47 1301.89 1230.97 3.01 
90205 -102.150 47.9849 631.10 1301.90 1231.25 3.29 
90206 -102.150 47.9813 627.39 1301.64 1231. 40 3.44 
90207 -102.150 47.9780 628.92 1301.97 1231.56 3.60 
90208 -102.150 47.9742 617.16 1301.00 1231. 90 3.95 
90209 -102.150 47.9707 610.90 1300.53 1232.14 4.18 
90210 -102.150 47.9672 603.83 1299.99 1232.39 4.43 
90211 -102.150 47.9635 610.32 1300.67 1232.34 4.38 
90212 -102.150 47.9613 610.16 1300. 69 1232.38 4.43 
90213 -102.150 47.9578 602.34 1300.14 1232. 71 4.75 
90214 -102.151 47.9528 585.50 1299.10 1233.55 5.60 
90215 -102.150 47.9491 583.97 1299.02 1233.64 5.68 
90216 -102.150 47.9456 587.42 1299.35 1233.59 5.63 
90218 -102.151 47.9381 608.44 1301.61 1233.49 5.53 
90219 -102.151 47.9345 612.71 1301.86 1233.26 5.31 
90220 -102.150 47.9307 614.84 1302.32 1233.49 5.53 
90221 -102.150 47. 9274 617.64 1302.58 1233.44 5.48 
90222 -102.150 47.9236 618.81 1302;s2 1233.55 5.59 
90223 -102.151 47.9199 622.51 1303.04 1233.35 5.39 
90224 -102.151 47.9166 626.87 1303.33 1233.15 5.20 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
<m) (mgal) (mgal) (mgal) 
90225 -102.151 47.9131 633.57 1303.97 1233.04 5.08 
90226 -102.151 47.9087 639.53 1304.55 1232.95 5.00 
90227 -102 .151 47.9055 640.09 L304.60 1232.94 4.98 
90228 -102.151 47.9016 643.22 1304.82 1232.81 4.85 
90229 -102 .151 47,8982 648.57 1305.25 1232.64 4. 68 
90230 -102.151 47.8944 651.79 1305.55 1232.58 4.63 
90231 -102.151 47.8911 659.21 1306.18 1232.38 4.42 
90232 -102.151 47.8874 663.09 1306.45 1232.21 4.25 
90233 -102.151 47.8836 662.95 1306.35 1232.13 4.17 
90234 -102.151 47.8797 665.80 1306.59 1232.05 4.09 
90235 -102.151 47.8765 666.47 1306.47 1231.85 3.89 
90236 -102.151 47.8725 666.26 1306.63 1232.04 4.08 
90237 -102.151 47.8690 669.93 1306.99 1231.99 4.04 
90238 -102.151 47.8656 668.83 1306.79 1231.92 3.96 
90239 -102.151 47.8621 668.18 1306.70 1231.89 3.94 
90240 -102.151 47.8586 671.08 1306.89 1231. 76 3.80 
90245 -102.151 47.8552 672.79 1307.40 1232.08 4.12 
90246 -102.151 47.8518 670.35 1307.23 1232.18 4.23 
90247 -102.151 47.8476 665.64 1306.76 1232.24 4.29 
90249 -102.151 47.8409 666.48 1306.80 1232.18 4.23 
90250 -102.151 47.8378 662.01 1306.09 1231.98 4.02 
90252 -102.151 47.8297 663.92 1306.32 1231.99 4.03 
90253 -102,151 47.8260 658.16 1305.77 1232.09 4.13 
90254 -102,.151 47.8227 657.79 1305.68 1232.04 4.08 
90255 -102.151 47.8187 661.73 1305.86 1231. 78 3.82 
90256 -102.151 47.8153 650.90 1304.95 1232.08 4.12 
90257 -102.151 47.8119 645.54 1304.33 1232.06 4.10 
90258 -102.150 47.8085 637.56 1303.36 1231.98 4.02 
90259 -102.151 47.8043 634.07 1302. 77 1231. 79 3.83 
90260 -102.151 47.8006 629.15 1302.18 1231. 75 3.79 
90261 -102.151 47.7970 631.19 1302.24 1231.57 3.62 
90262 -102.151 47.7937 622.75 1301.43 1231. 71 3.75 
90263 -102.151 47.7898 625.77 1301.64 1231. 58 3. 62 
90301 -102.172 48.0000 630.20 1301. 71 1231.16 3.20 
90302 -102, 172 47.9965 629.52 1301.78 1231.30 3.34 
90307 -102.172 47.9776 608.43 1299.95 1231.83 3.87 
90311 -102.172 47.9635 595.60 1299.36 1232.68 4. 72 
90315 -102.172 47.9490 582.70 1298.49 1233.26 5.30 
90316 -102.172 47.9452 593.43 1299.51 1233.07 5.11 
90317 -102,172 47.9416 601.08 1300.30 1233.01 5.05 
90318 -102.172 47.9381 603. 71 1300.60 1233.01 5.05 
90319 -102.172 47.9345 605. 50 1300.76 1232.97 5.02 
90321 -102.172 47.9276 617.66 1302.01 1232.86 4.91 
90322 -102.172 47.9240 621.56 1302.40 1232.82 4.86 
90323 -102.172 47.9199 627.03 1302.90 1232.71 4.75 
90342 -102.172 47.8573 680.44 1308.40 1232.22 4.27 
90343 -102 .172 47.8532 671.17 1307.93 1232.79 4.83 
90344 -102.172 47.8476 671.38 1307.16 1231.99 4.03 
90346 -102.172 47.8366 659.98 1304.22 1230.33 2.37 
90348 -102.172 47.8295 654.04 1304.41 1231.19 3.23 
90349 -102.172 47.8257 650.30 1305 .16 1232.36 4.40 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
90350 -102.172 47.8202 649.91 1303.95 1231.19 3.23 
90351 -102 .172 47.8188 651. 68 1305.19 1232.23 4.27 
90353 -102.172 47.8115 642.21 1303.10 1231.20 3.24 
90354 -102.172 47.8071 644.05 1304.20 1232.10 4.14 
90355 -102.172 47.8040 641.64 1302.71 1230.88 2.92 
90356 -102.172 47.8004 636.55 1303,96 1232. 70 4.74 
90357 -102.172 47.7967 635.71 1302.60 1231.43 3.47 
90358 -102.172 47.7934 633.49 1302.40 1231,48 3,52 
90360 -102.172 47.7860 623.68 1301.52 1231. 69 3.73 
90361 -102.172 47.7825 621. 54 1301.18 1231.60 3.64 
90362 -102.172 47.7788 619.76 1301.81 1232. 42 4,47 
90401 -102.193 47.9925 606.21 1299.92 1232.05 4.09 
90402 -102,193 47.9892 610,93 1300.34 1231. 94 3.99 
90403 -102.193 47.9851 604.36 1299.80 1232,14 4.18 
90404 -102.193 47.9807 599.87 1299,39 1232.23 4.27 
90405 -102.193 47.9776 599.07 1299.79 1232. 72 4. 77 
90406 -102,193 47.9739 600.34 1299.61 1232.40 4.44 
90407 -102.193 47.9705 598.62 1299.48 1232,47 4.51 
90408 -102.193 47.9669 603.35 1299.91 1232.36 4.40 
90409 -102.194 47 .9633 586.09 1298.40 1232. 79 4.83 
90410 -102,193 47.9601 586.89 1298.48 1232.78 4.82 
90411 -102.193 47.9565 595.39 1299.20 1232.55 4.59 
90412 -102.193 47.9516 580.11 1298.06 1233.12 5.16 
90413 -102.190 47.9490 582.43 1.298.38 1233.17 5.21 
90414 -102.193 47.9460 587.56 1298.73 1232.95 5.00 
90415 -102.193 47.9427 592.78 1299.35 1232.99 5.03 
90416 -102.193 47.9388 596.89 1299.69 1232,86 4.90 
90417 -102.194 47.9345 605.95 1300.53 1232.69 4.74 
90418 -102.193 47.9320 610.61 1300.97 1232.61. 4.65 
90419 -102,193 47.9276 610. 84 1301.15 1232.76 4.80 
90420 -102.193 47 .9240 617.74 1301.66 1232.50 4.54 
90421 -102.193 47.9200 622.37 1302,14 1232.46 4.50 
90422 -102.194 47.9165 621.48 1302.26 1232. 68 4. 72 
90423 -102.194 47.9129 626.04 1302.74 1232.66 4,70 
90424 -102.194 47.9090 635.27 1303.54 1232.42 4.46 
90425 -102.193 47.9056 647.65 1304.70 1232.19 4.23 
90426 -102.194 47.9026 651.62 1304.99 1232.04 4.08 
90427 -1.02.194 47.8983 653.80 1305.24 1232.05 4.09 
90428 -102.194 47.8949 653.29 1305.25 1232 .11 4,15 
90429 -102.193 47.8910 663.41 1305.94 1231. 67 3. 71 
90430 -102.194 47.8874 665.17 1306.06 1231.59 3.63 
90431 -102.194 47.8835 663.80 1306.02 1231. 71 3. 75 
90432 -102.194 47.8799 670.48 1306.86 1231.79 3.84 
90433 -102.194 47.8766 672. 30 1.306. 75 1231. 48 3.53 
90434 -102. J.94 47.8696 669.91 1306.62 1231. 62 3.66 
90435 -102.194 47.8659 675.54 1307.12 1231.,19 3.53 
90436 -102.194 47.8622 674.12 1306.96 1231.49 3.53 
. 90437 -102.193 47.8581 678.57 1307.36 1231. 39 3.43 
90438 -102.194 47.8545 668.40 1306.48 1231. 65 3.69 
90439 -102.193 47.8509 669.21 1306.65 1231. 73 3.77 
90440 -102.1.93 47.8475 651.49 1305.16 1232.22 4.26 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
90450 ~102.194 47.8228 640.59 1304.13 1232.41 4.45 
90451 -102.194 47.8188 643.50 1304.14 1232.09 4.14 
90452 -102.194 47.8150 639.11 1304 .• 28 1232.73 4. 77 
90453 -102.193 47.8115 630.56 1303 .11 1232.51 4.55 
90454 -102.193 47.8080 630.59 1303.22 1232. 63 4.67 
90501 -102.215 47.9986 576.22 1297.08 1232.57 4.61 
90502 -102.215 47.9952 580.89 1297.33 1232.30 4.34 
90503 -102.215 47.9923 595.59 1298.76 1232.08 4.13 
90504 -102.215 47.9882 593.53 1298.58 1232.13 4.17 
90505 -102.215 47.9851 590.65 1298.29 1232.16 4.21 
90506 -102. 215 47.9812 588.12 1298.15 1232.31 4.35 
90507 -102.215 47.9736 586.44 1298.11 1232.46 4.50 
90508 -102.215 47.9698 579.00 1297.36 1232.54 4.58 
90509 -102.215 47.9671 578.49 1297.36 1232.60 4. 64 
90510 -102.215 47.9593 591.03 1298.49 1232.32 4.36 
90511 -102.215 47.9562 594.54 1298.91 1232.35 4.39 
90512 -102.215 47.9528 590.66 1298.56 1232.43 4.47 
90513 -102.215 47.9488 578.07 1297.44 1232. 72 4. 77 
90514 -102.215 47.9451 581.43 1297.87 1232.78 4.82 
90515 -102.215 47.9417 590.39 1298.62 1232.52 4.56 
90516 -102.215 47.9377 597.34 1299.44 1232.56 4.60 
90517 -102.215 47.9341 608.12 1300.24 1232.16 4.20 
90518 -102.215 47.9301 616.21 1300.84 1231.86 3.90 
90519 -10"2. 215 47.9272 610.33 1300.39 1232.07 4.11 
90520 -102.215 47.9238 613.26 1300. 72 1232.06 4.10 
90521 -102.215 47.9156 624.30 1301.87 1231. 98 4.02 
90522 -102.215 47.9127 623.09 1301. 72 1231. 96 4.00 
90523 -102.215 47.9091 617.35 1301.44 1232.32 4.36 
90524 -102.215 47.9055 627.08 1302.29 1232.09 4.13 
90525 -102.215 47.9016 644.55 1303.98 1231. 82 3.86 
90526 -102.215 47.8978 645.68 1304.02 1231. 73 3. 77 
90527 -102. 215 47.8944 653 .11 1304.65 1231. 54 3.58 
90528 -102.215 47.8910 655.13 1304.85 1231. 50 3.54 
90529 -102.215 47.8872 660.36 1305.42 1231. so 3. 54 
90530 -102.215 47.8835 661.18 1305.60 1231. 58 3. 62 
90531 -102.215 47.8798 661.83 1305.73 1231.63 3. 68 
90532 -102.215 47.8731 672. 54 1306.62 1231.33 3.37 
90533 -102.215 47.8696 669.70 1306.46 1231.48 3. 53 
90534 -102.215 47.8655 671.40 1306.80 1231.63 3.67 
90535 -102.215 47.8620 673.72 1307.02 1231.59 3.64 
90535 -102.215 47.8620 673.72 1307.44 1232.02 4.06 
90536 -102.215 47.8582 662.89 1306.20 1231.99 4.03 
90537 -102.215 47.8541 661.92 1305.97 1231.86 3.91 
90539 -102.215 47.8503 658.36 1305.72 1232.02 4.06 
90540 -102.215 47.8477 644.29 1304.52 1232.39 4.44 
90548 -102.215 47.8300 640.14 1304.00 1232.34 4.38 
90549 -102.215 47.8258 635.37 1303.59 1232.46 4.50 
90550 -102.215 47.8220 630.30 1302.95 1232.39 4.43 















47. 8113 623.62 
47.8042 621.19 
FREE AIR BG 2.67 DEVIATION 
(mgal) (mgal) (mgal) 
1302.29 1232.31 4.41 
1302.24 1232.42 4.46 
1301.92 1232.37 4.41 
- --- ----------------, 
NEW TOWN SIDE DATA 
170 
171 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgalJ (mgal) (mgal) 
152495 -102.332 47.9778 614.13 1298.28 1229.53 -5.24 
152494 -102.328 47.9778 610.70 1298.00 1229.63 -5.34 
152493 -102.322 47.9778 608.49 1298.06 1229.94 -5.65 
152492 -102.316 47.9777 604.45 1297.90 1230.23 -5.94 
152491 -102.311 47.9777 594.99 1297.39 1230.78 -6.49 
152489 -102.300 47.9779 587.26 1296.96 1231.21 -6.92 
152324 -102.432 47.9635 566.58 1291.92 1228.49 -4.20 
152323 -102.435 47.9635 571.31 1291.91 1227.95 -3.66 
152322 -102.440 47.9634 573.60 1292.34 1228.13 -3.83 
152321 -102.446 47.9634 573.71 1292.02 1227.79 -3.50 
152320 -102.450 47.9649 572.45 1291.53 1227.44 -3.15 
152318 -102.457 47.9633 569.92 1290.91 1227.11 -2.82 
152317 -102.462 47.9634 579.58 1291.88 1226.99 -2.70 
152316 -102.467 47.9634 584.89 1291.93 1226.45 -2.16 
152314 -102.478 47.9634 587.24 1291.22 1225.47 -1.18 
152313 -102.484 47.9635 571.91 1289.88 1225.85 -1.56 
152212 -102.557 47.9490 633.97 1293.42 1222.44 1.85 
152211 -102.552 47.9490 645.48 1293.99 1221. 72 2.57 
152210 -102.546 47.9490 636.05 1293.54 1222.33 1.96 
152209 -102.541 47.9490 630.20 1293.22 1222.66 1.63 
152208 -102.536 47.9490 625.37 1292.92 1222.91 1.38 
152207 -102.531 47.9490 621.90 1292.52 1222.90 1.39 
152206 -102.525 47.9490 618.67 1292.40 1223.14 1.15 
152205 -102 •. 520 47.9490 609.16 1292.03 1223.84 0.46 
152203 -102.510 47.9490 615.53 1292.76 1223.85 0.44 
152202 -102.507 47.9490 608.82 1293.58 1225.42 -1.13 
152201 -102.499 47.9490 591.21 1291.07 1224.89 -0.59 
152111 -102.504 47.9345 594.93 1291.15 1224.55 -0.26 
152110 -102.509 47.9345 598. 62 1290.61 1223.59 0.70 
152109 -102. 514 47.9344 600.04 1291.40 1224.23 0.06 
152108 -102.520 47.9345 600.74 1291.40 1224.15 0.15 
152107 -102.525 47.9345 603.38 1291.46 1223.91 0.38 
152106 -102.530 47.9345 607.41 1291.53 1223.53 0.76 
152105 -102.536 47.9344 611.79 1291. 76 1223.27 1.02 
152104 -102.542 47.9344 617.51 1292.04 1222.91 1.39 
152103 -102.547 47.9344 622.81 1292.30 1222.57 1. 72 
152102 -102.552 47.9344 625.17 1292.38 1222.39 1.90 
152101 -102.557 47.9344 635.30 1292.92 1221. 80 2.49 
151502 -102.563 47.9055 646.97 1293.54 1221.11 3.18 
151501 -102.557 47.9056 643.72 1293.43 1221.36 2.93 
151332 -102.590 47.8753 616.62 1287.77 1218.74 5.55 
151331 -102.586 47.8766 615.53 1287.53 1218.62 5.68 
151330 -102.579 47.8766 606.17 1288.59 1220.73 3.56 
151329 -102.574 47.8767 593.72 1286 .29 1219.82 4.47 
151328 -102.569 47.8767 599.73 1288.22 1221.08 3.21 
151327 -102.563 47.8766 611.26 1288.96 1220.53 3.76 
151325 -102.554 47.8767 593.18 1288.07 1221. 67 2. 63 
151323 -102.541 47.8767 589.43 1288.18 1222.19 2 .10 
15i322 -102.536 47.8767 587.61 1288 .16 1222.37 1.92 
151320 -102.527 47.8766 586.93 1288.61 1222.90 1.39 
151319 -102.521 47.8767 585.46 1288.52 1222.97 1.32 
151318 -102.516 47.8767 582.76 1288.73 1223.49 0.80 
151317 -102 •. 511 47.8767 582.60 1289.28 1224.06 0.23 
-- -- ----------------------
172 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
151316 -102.505 47.8767 584.83 1289.64 1224.17 o .12 
151315 -102.500 47.8767 583.26 1289.93 1224. 64 -0.34 
151314 -102.493 47.8767 581.98 1290.41 1225.26 -0.96 
151313 -102.489 47.8767 581. 78 1290.42 1225.29 -1.00 
151312 -102.483 47.8766 583.89 1291.08 1225. 71 -1.42 
151311 -102.478 47.8767 584.27 1291.50 1226.09 -1. 79 
151310 -102.418 47.8767 572. 65 1294.09 1229.98 -5.69 
151309 -102.423 47.8766 571.60 1293.73 1229.74 -5.45 
151304 -102.450 47.8766 603.99 1295.42 1227.80 -3.51 
151225 -102.493 47.8622 598.10 1291. 74 1224.78 -0.49 
151217 -102.536 47.8621 610.44 1291.17 1222.83 1.46 
151202 -102.622 47.8621 645.67 1291.02 1218.74 5.55 
151108 -102.622 47.8478 664.35 1291. 78 1217.40 6.89 
151107 -102.617 47.8476 654.30 1292.01 1218.76 5.53 
151106 -102.611 47.8477 659.22 1292.74 1218.94 5.35 
151102 -102.592 47 .8477 666.82 1293.00 1218.35 5.94 
151101 -102.587 47.8477 658.85 1292.50 1218.74 5.55 
150636 -102.579 47.8332 671.38 1298.06 1222.90 1.39 
150634 -102.568 47.8332 674,28 1298.13 1222.64 1.65 
150614 -102.450 47.8333 628.98 1297.61 1227.19 -2.90 
150613 -102.445 47.8334 617. 72 1295.73 1226.57 -2.28 
150612 -102.439 47.8334 605.68 1294.43 1226.62 -2.33 
150611 -102,435 47.8333 613.30 1295.13 1226.47 -2.18 
150610 -102.429 47.8335 617 .17 1297.01 1227.91 -3.62 
150609 -102.425 47.8332 599.94 1293.61 1226.45 -2.16 
150608 -102.419 47.8332 600.43 1295.17 1227.95 -3.66 
150607 -102.413 47.8333 603.55 1295.92 1228.35 -4.06 
150606 -102.407 47.8333 618.77 1297.18 1227.90 -3.61 
150605 -102.402 47.8331 608.55 1296.45 1228.32 -4.03 
150604 -102.395 47.8333 584.22 1293.30 1227.89 -3.60 
150603 -102.391 47.8333 575.03 1293.80 1229.43 -5.13 
150602 -102.386 47.8333 569.52 1293.92 1230.16 -5.87 
150601 -102.381 47.8333 570.48 1293.10 1229.23 -4.94 
150534 -102.552 47.8333 677.41 1296.33 1220.49 3.80 
150533 -102.546 47.8333 674.93 1296.36 1220.80 3.49 
150532 -102.541 47.8333 672. 82 1296.13 1220.81 3.49 
150531 -102.537 47.8321 662.35 1295.79 1221.64 2.65 
150529 -102.532 47.8261 659.57 1295.48 1221. 64 2.65 
150528 -102.527 47.8260 650.70 1295.50 1222.66 1.64 
150527 -102.521 47.8260 647.41 1295.35 1222.87 1.42 
150525 -102.515 47.8249 641.07 1295.17 1223.40 0.89 
150522 -102.511 47.8189 644.06 1295.70 1223.60 0.70 
150521 -102.510 47.8188 645.59 1297.10 1224.82 -0.53 
150518 -102 .494 47.8188 618.75 1295.49 1226.21 -1.92 
150516 -102.483 47.8188 615.93 1294.59 1225.64 -1.34 
150515 -102.478 47.8188 607.68 1294.43 1226.40 -2.11 
150513 -102.471 47.8188 596.88 1293.71 1226.89 -2.60 
150512 -102.466 47.8188 591.23 1293.51 1227 •. 32 -3.03 
150511 -102.460 47.8188 592.30 1294.01 1227.70 -3.41 
150510 -102.455 47.8188 588.75 1293.94 1228.02 -3.73 
150509 -102.450 47.8188 586.94 1294.03 1228.32 -4.03 
150508 -102.445 47.8188 592.72 1294.55 1228.19 -3.90 
150507 -102.440 47.8188 591.13 1294.94 1228.76 -4.47 
173 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
150506 -:102.435 47.8188 588.90 1294.47 1228.54 -4.25 
150505 -102.429 47.8189 585.09 1,294.53 1229.03 -4.74 
150504 -102.424 47.8188 587.39 1295.69 1229.93 -5.64 
150503 -102.419 47.8188 595.48 1296.69 1230.02 -5.73 
150502 -102.414 47.8188 605.49 1297.76 1229.97 -5.68 
150501 -102.409 47.8191 618.95 1298.73 1229.44 -5.15 
93603 -102.622 47.8586 646.56 1291.85 1219.46 4.83 
93602 -102.622 47.8549 644.48 1290.92 1218. 77 5.52 
93601 -102.622 47.8512 656.91 1292.18 1218.63 5.66 
93515 -102.600 47.8476 668.34 1293.20 1218.38 5.91 
93504 -102.599 47.8846 577.67 1286.21 1221.54 2.75 
93503 -102.597 47.8861 574.22 1285.54 1221.26 3.03 
93502 -102.595 47.8901 569.04 1285.39 1221.69 2.61 
93501 -102.596 47.8936 565.73 1285.33 1221. 99 2.30 
93410 -102.582 47.8477 647.24 1292.40 1219.94 4.35 
93409 -102.579 47.8516 644.18 1292.07 1219.96 4.34 
93408 -102.579 47.8549 650.75 1292.51 1219.65 4.64 
93407 -102.579 47.8585 651.07 1292.79 1219.90 4.39 
93405 -102.579 47.8655 631.21 1292.34 1221. 68 2.61 
93403 -102.579 47.8727 610.73 1288.57 1220.20 4.09 
93332 -102.557 47.9346 635.45 1293.10 1221.96 2.33 
93331 -102.557 47.9327 638.08 1292.38 1220.95 3.35 
93330 -102.557 47.9289 645.10 1292. 72 1220.50 3.79 
93329 -102.557 47.9252 654.79 1293.65 1220.35 3.94 
93328 -102.557 47.9217 667.69 1293.64 1218.89 5.40 
93327 -102.557 47.9184 661.47 1294.46 1220.40 3.89 
93326 -102.557 47.9149 655.68 1293.56 1220.15 4.14 
93325 -102.557 47.9113 647.82 1293 .10 1220.58 3.71 
93324 -102.557 47.9077 641.39 1292.49 1220.69 3.60 
93323 -102.557 47.9042 642.62 1292.63 1220.68 3.61 
93322 -102.557 47.9008 635.43 1291.86 1220.73 3.57 
93321 -102.557 47.8970 619.92 1290.79 1221.38 2.91 
93320 -102.557 47.8939 612.38 1290.02 1221.47 2.83 
93319 -102.557 47.8910 600.67 1288.59 1221.34 2.95 
93318 -102.557 47.8902 595.94 1288.06 1221.34 2.95 
93317 -102.557 47 .8866 • . 590.85 1288.82 1222.68 1.61 
93316 -102.557 47.8829 590.95 1288.60 1222.44 1.85 
93315 -102.557 47.8795 597.85 1289.32 1222.39 1.91 
93314 -102.557 47.8752 606.98 1289.95 1222.00 2.29 
93312 -102.557 47.8687 610.15 1290.05 1221. 74 2.55 
93311 -102.557 47.8655 613.99 1290.22 1221.48 2.81 
93310 -102.557 47.8621 610.75 1290.44 1222.06 2.23 
93309 -102.557 47.8594 614.41 1290.28 1221.50 2.80 
93308 -102.557 47.8554 634.52 1292.57 1221. 53 2.76 
93307 -102.557 47.8524 647.93 1293.68 1221.15 3.14 
93306 -102.557 47.8490 647.58 1293.81 1221.31 2.98 
93305 -102.557 47.8453 650.33 1293.81 1221.00 3.29 
.93304 -102.557 47.8420 653.96 1294.25 1221.03 3.26 
93303 -102.557 47.8404 658.25 1294.09 1220.39 3.90 
93216 -102.540 47.8965 622.63 1292.46 1222.76 1.53 
93215 -102.539 47.8926 628~32 1292.62 1222.28 2.01 
93214 -102.537 47.8909 624.01 1292.27 1222.41 1.88 
93213 -102.536 47.8875 618.12 1291.65 1222.45 1.84 
STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(mJ (mgal) (mgal) (mgal) 
93212 -102.536 47.8839 599.31 1289.70 1222.61 1.68 
93211 -102.536 47.8827 595.40 1289.76 1223.10 1.19 
93210 -102.536 47.8797 58.7 .98 1288.87 1223.05 1.24 
93208 -102.536 47.8726 595.52 1289.37 1222.70 1.59 
93207 -102.536 47.8690 600.70 1289.83 1222.58 1. 71 
93206 -102.536 47.8655 605.97 1290. 72 1222.88 1.41 
93204 -102.536 47.8584 616.05 1291.83 1222.86 1.43 
93203 -102. 536 47.8549 633.58 1292.83 1221. 90 2.39 
93202 -102.536 47.8512 643.01 1294.01 1222.03 2.26 
93201 -102. 536 47.8476 640.98 1293.91 1222.15 2.14 
93127 -102.514 47.8791 590.99 1289.42 1223.25 1.04 
93126 -102.514 47.8830 608.37 1290.76 1222.65 1.64 
93125 -102.514 47.8870 613.26 1291.51 1222.85 1.44 
93i24 -102.514 47.8909 608.05 1291.01 1222.94 1.35 
93121 -102.514 47.9699 612.12 1292.39 1223.86 0.43 
93120 -102.514 47.9663 590.82 1290.97 1224.83 -0.54 
93119 -102.514 47.9634 591.49 1290.88 1224.67 -0.37 
93118 -102.514 47.9599 592.92 1290.99 1224.61 -0.32 
93117 -102.514 47.9567 594.60 1291.04 1224.47 -0.18 
93116 -102.514 47.9531 605.54 1292.17 1224.38 -0.09 
93115 -102.514 47.9489 615.24 1292.64 1223.76 0.53 
93114 -102.514 47. 9449 615.45 1292.58 1223.68 0.61 
93113 -102.514 47.9417 619.49 1294.12 1224.76 -0.47 
93112 -102.514 47.9382 618.93 1292.69 1223.40 0.89 
93110 -102.514 47.9311 596.13 1290.74 1224.00 0.29 
93109 -102.514 47.9273 606.26 1291.80 1223.93 0.36 
f 
93108 -102.514 47.9238 613.66 1292.00 1223.30 0.99 
93107 -102.514 47.9201 607.08 1291.86 1223.90 0.39 I 93106 -102.514 47.9158 611.79 1292 .11 1223.62 0.67 ,, 
I 93105 -102.514 47.9123 627.68 1293.30 1223.03 1.27 93104 -102.514 47.9089 637.25 1294.16 1222.82 1.47 
I 93102 -102.514 47.8946 624.30 1293.36 1223.46 0.83 
' 
I 
93101 -102.514 47.8983 630.85 1293.56 1222.94 1.35 
92635 -102.493 47.8662 581.24 1290.21 1225.14 -0.85 
I 92634 -102.493 47.8692 578.97 1289.86 1225.04 -0.75 
I 92633 -102.493 47.8733 579.39 1289.66 1224.79 -a.so 
I 92631 -102.493 47.8795 598.21 1291.41 1224,43 -0.14 92630 -102.494 47.8836 621.51 1293. 77 1224.19 0.10 
92629 -102.493 47.8874 638.10 1295.12 1223.68 0.61 
92628 -102.493 47.8910 638.36 1295.02 1223.55 0.74 
92627 -102.493 47.8923 634.49 1295.03 1223.99 0.30 
92626 -102.493 47.8958 632.82 1294.80 1223.96 0.34 
92624 -102.493 47.9029 625.01 1294.11 1224.14 0.15 
92623 -102 .495 47.9054 621. 78 1293.89 1224.28 0.01 
92622 -102.soo 47.9055 632.73 1294,49 1223.65 0.64 
92621 -102.500 47.9079 622.41 1293.75 1224.07 0.22 
92619 -102.496 47.9140 614.28 1293.05 1224.28 0.01 
92617 -102.493 47.9201 587.96 1291.07 1225.25 -0.95 
92616 -102.493 47. 9239 586.38 1290.51 1224.86 -0.57 
92613 -102.493 47.9346 589.67 1290.74 1224.72 -0.43 
92609 -102.493 47.9491 586.04 1290.54 1224.93 -0.64 
92604 -102.494 47.9665 571. 75 1289.71 1225.70 -1.41 
92529 -102.472 47.8782 605.57 1293.56 1225.77 -1.48 
175 
STATION ID LONGITUDE LATITUDE ELEVATION 
(m) 
92528 -102.472 47.8814 615.29 
92527 -102.472 47.BB4B 626.97 
92526 -102.472 47.8877 629. 57 
92525 -102.472 47.8911 628.55 
92524 -102.472 47.8948 636.07 
92523 -102.472 47.8984 635.00 
92522 -102.472 47.9019 621.92 
92521 -102.472 47 •. 9055 610.31 
92519 -102.472 47.9128 586.79 
92518 -102.472 47.9166 582.35 
92517 -102.472 47.9200 579.08 
92516 -102.472 47.9235 577.13 
92515 -102.472 47.9273 576.91 
92514 -102.472 47.9310 576.48 
92513 -102.472 47.9347 576.35 
92512 -102.472 47.9381 576.97 
92511 -102.472 47.9418 578.27 
92510 -102.472 47.9454 579.06 
92509 -102.472 47.9491 573.01 
92508 -102.472 47.9525 573.35 
92507 -J.02. 472 47.9563 577.20 
92506 -102.472 47.9596 582.07 
92505 -102.472 47.9635 584.36 
92503 -102_.472 47.9706 589.77 
92501 -102.472 47.9774 581.37 
92431 -102.450 47.8658 589.99 
92430 -102.450 47.8694 610.16 
92429 -102.450 47.8731 607.32 
92428 -102.450 47.8805 611.49 
92427 -102.450 47.8839 623.06 
92426 -102.450 47.8877 625.16 
92425 -102.450 47.8911 616.99 
92424 -102.450 47.8954 621. 27 
92423 -102.450 47.8989 615.90 
92422 -102.450 47.9021 609.43 
92421 -102.450 47.9056 594.85 
92420 -102.450 47.9096 588.95 
92419 -102.450 47.9132 592.44 
92417 -102.450 47.9200 577.28 
92416 -102.450 47.9236 579.99 
92415 -102.450 47.9270 580.09 
92414 -102.450 47.9305 584.02 
92412 -102.450 47.9376 574.99 
92411 -102.450 47.9412 573.81 
92410 -102.450 47.9449 571. 95 
92409 -lOJ.450 47.9492 573.38 
92408 -102.450 47.9522 577. 66 
92407 -102.450 47.9556 577.60 
92406 -102.450 47.9591 579.61 
92405 -102.451 47.9628 570.88 
92404 -102.450 47.9669 574.47 
92403 -102.450 47.9706 578.11 
92402 -102.450 47.9742 578.86 
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STATION ID LONGITUDE LATITUDE ELEVATION FREE AIR BG 2.67 DEVIATION 
(m) (mgal) (mgal) (mgal) 
92401 -102.450 47.9782 581.33 1292.40 1227.32 -3.02 
92308 -102.428 47.8491 584.55 1294.00 1228.55 -4.26 
92307 -102.429 47.8523 578.09 1293.87 1229 .15 -4.86 
92306 -102.427 47.8561 576.41 1293.81 1229.28 -4.99 
92304 -102.427 47.8623 576.27 1293.86 1229.34 -5.05 
92302 -102.429 47.8695 578.84 1293. 48 1228.68 -4.39 
92301 -102.429 47.8733 576.53 1292.97 1228.42 -4.13 
9902 -102.489 47.9634 574.77 1290.25 1225.90 -1.61 
9901 -102.491 47.9645 570.26 1289.70 1225.86 -1.56 
7707 -102.594 47.8972 568.08 1285.54 1221.94 2.35 
7706 -102.589 47.8970 584.35 1287.00 1221.58 2. 71 
7705 -102.584 47.8976 602.10 1289.00 1221.59 2.70 
7704 -102.578 47.8983 607.83 1289.63 1221. 58 2. 71 
7703 -102.573 47.8983 614.54 1290.39 1221. 59 2. 70 
7702 -102.568 47.8983 614.49 1290.77 1221.98 2.31 
7701 -102.563 47.8984 618.62 1291.13 1221. 87 2.42 
15 -102.483 47.8983 633.55 1294.56 1223.64 0.65 
14 -102.488 47.8983 635.00 1294.42 1223.33 0.96 
13 -102.493 47.8983 634.78 1293.92 1222.85 1.44 
12 -102.498 47.8983 632.37 1293.54 1222.75 1.54 
11 -102.503 47.8983 624.94 1292.66 1222.70 1.59 
10 -102.508 47.8984 616.02 1291. 67 1222.71 1.58 
8 -102.519 47.8984 641.22 1292.83 1221.05 3.24 
7 -102.$24 47.8984 641.08 1292.16 1220.39 3.90 
3 -102.546 47.8983 635.05 1292. 72 1221.62 2. 67 
2 -102.551 47.8983 636.94 1292.58 1221.27 3.02 
1 -102.557 47.8983 625.75 1291.59 1221. 54 2.75 
APPENDIXC 
INTERPRETED DEEP WELL LOGS 
NDGS WELL NO. 793 
LATITUDE LONGITUDE ELEVATION (m) 
47.7119 102.3139 634.29 
DEPTH TO ELEVATION 
FORMATION TOP (m} TO TOP (m} 
PIERRE 527.30 106.98 
NIOBRARA 1112.52 -478.23 
CARLILE 1164.34 -530.05 
GREENHORN 1274.06 -639.78 
BELL FOURCHE 1301. 50 -667.21 
MOWRY-NWCSTLE 1402.08 -767.79 
SKULL CREEK 1478.28 -843.99 
INYAN KARA 1506.32 -872.03 
SWIFT 1622.15 -987.86 
RIERDON 1703.83 -1069.54 
PIPER 1765.71 -1131.42 
SPEARFISH 1903.48 -1269.19 
OPECHE 2033.02 -1398.73 
BROOM CK. 2103.12 -1468.83 
AMSDEN 2138.17 -1503.88 
TYLER 2138.17 -1503.88 
OTTER-KIBBEY 2289.05 -1654.76 
MADISON GRP. 2426.21 -1791. 92 
BAKKEN 3044.95 -2410.66 
THREE FORKS 3066.29 -2432.00 
BIRDBEAR 3142.49 -2508.20 
DUPEROW 3154.68 -2520.39 
SOURIS RIVER 3275.08 -2640.79 
DAWSON BAY 3368.04 -2733.75 
PRAIRE 3422.90 -2788.62 
WINNIPEGOSIS 3447.29 -2813.00 
ASHERN 3523.49 -2889.20 
INTERLAKE 3550.92 -2916.63 
STONEWALL 3899.92 -3265.63 
STONY MTN 3936.49 -3302.20 
RED RIVER 3981. 60 -3347.31 
BOH 4267..20 
179 
NDGS WELL NO, 1194 
LATITUDE LONGITUDE ELEVATION (m) 
47.7583 102.2225 603.50 
DEPTH TO ELEVATION 
FORMATION TOP (m) TO TOP (m) 
PIERRE 502.92 100.58 
NIOBRARA 1075.94 -472.44 
CARLILE 1170.43 -566.93 
GREENHORN 1242.06 -638.56 
BELL FOURCHE 1271.02 -667.51 
MOWRY-NWCSTLE 1359.41 -755.90 
SKULL CREEK 1438.66 -835.15 
INYAN KARA 1467.61 -864.11 
SWIFT 1575.82 -972.31 
RIERDON 1700.78 -1097.28 
PIPER 1731.26 -1127.76 
SPEARFISH 1868.42 -1264.92 
OPECHE 2026.92 -1423.42 
BROOM CK. 2063.50 -1459.99 
AMSDEN 2157.98 -1554.48 
TYLER 2157.98 -1554.48 
OTTER-KIBBEY 2200.66 -1597.15 
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NDGS WELL NO. 2779 
LATITUDE LONGITUDE ELEVATION (m) 
47.9736 101.9975 632.76 
DEPTH TO ELEVATION 

























































NDGS WELL NO. 4375 
LATITUDE LONGITUDE ELEVATION (m) 47.6736 102.0847 625.45 
DEPTH TO ELEVATION FORMATION TOP Cm> TO TOP Cml 
PIERRE 
s1s.11 110.34 NIOBRARA 1060.70 
-435.25 CARLILE 1185.67 
-560.22 GREENHORN 1231. 39 
-605.94 BELL FOURCHE 1261. 87 
-636.42 MOWRY-NWCSTLE 1350.26 
-724.81 SKULL CREEK 1429.51 
-804.06 INYAN KARA 1459.99 
-834.54 SWIFT 1572.77 
-947.32 RIERDON 1709.93 
-1084.48 PIPER 1737.36 
-1111. 91 SPEARFISH 1853.18 
-1227.73 OPECHE 1965.96 
-1340.51 BROOM CK. 1990.34 
-1364.89 AMSDEN 2097.02 
-1471. 57 TYLER 2097.02 
-1471. 57 ' OTTER-KIBBEY 2136. 65 
-1511.20 MADISON GRP. 2307.34 
-1681. 89 BOH 2619.45 
182 
NDGS WELL NO, 4386 
LATITUDE LONGITUDE ELEVATION (m) 
47.8639 102.1956 670.86 
DEPTH TO ELEVATION 
















TYLER 2164.08 -1493.22 
OTTER-KIBBEY 2231.14 -1560.27 
MADISON GRP. 2353.06 -1682.19 
BAKKEN 2950.46 -2279.60 
THREE FORKS 2980.94 -2310.08 
BIRDBEAR 3051.05 -2380.18 
DUPEROW 3060.19 -2389.33 
SOURIS RIVER 3166.87 -2496.01 
DAWSON BAY 3282.70 -2611. 83 
FRAIRE 3331. 46 -2660.60 
f 
WINNIPEGOSIS 3392.42 -2721. 56 
ASHERN 3462.53 -2791. 66 
INTERLAKE 3502.15 -2831.29 
STONEWALL 3822.19 -3151.33 
STONY MTN 3840.48 -3169.62 
RED RIVER 3904.49 -3233.62 





HDGS WELL NO. 4392 
LATITUDE LONGITUDE ELEVATION (m} 47.905 102.1411 640.69 
DEPTH TO ELEVATION FORMATION TOP <ml TO TOP Cm) 
PIERRE 
l NIOBRARA CARLILE GREENHORN 1235.96 -595.27 BELL FOURCHE 1266.14 -625.45 MOWRY-NWCSTLE 1347.22 
-706.53 SKULL CREEK 1418.84 
-778.15 INYAN KARA 1450.85 
-810.16 SWIFT 1576.12 
-935.43 RIERDON 1700.78 
-1060.09 PIPER 1734.31 
-1093.62 SPEARFISH 1873.00 
-1232.31 OPECHE 1944.62 
-1303.93 BROOM CK. 1953.77 
-1313.08 AMSDEN 2084.83 
-1444.14 TYLER 2084.83 
-1444.14 OTTER-KIBBEY 2127.50 
-1486.81 MADISON GRP. 2231.14 
-1590.45 BOH 2624.02 o.oo 
-~ -~-----------------. 
184 
NDGS WELL NO. 5126 
LATITUDE LONGITUDE ELEVATION (m) _ 
47.7228 101. 6919 675.13 
DEPTH TO ELEVATION 
FORMATION TOP {m} TO TOP (m} 
PIERRE 472.44 202.69 
NIOBRARA 963.17 -288.04 
CARLILE 1075.94 -400.81 
GREENHORN 1130.81 -455.68 
BELL FOURCHE 1164.34 -489.20 
MOWRY-NWCSTLE 1234.44 
-559.31 
SKULL CREEK 1295.40 -620,27 
INYAN KARA 1335.02 -659.89 
SWIFT 1453.90 -778.76 
RIERDON 1563.62 -888.49 
PIPER 1600.20 -925.07 
SPEARFISH 1694.69 -1019.56 
OPECHE 1752.60 -1077.47 
BROOM CK. 1789.18 -1114.04 
AMSDEN 1883.66 -1208.53 
TYLER 1883.66 -1208.53 
OTTER-KIBBEY 1926.34 -1251.20 
MADISON GRP. 2017.78 -1342.64 
BOH 2258.57 
185 
NDGS WELL NO. 5273 
LATITUDE LONGITUDE ELEVATION {m) 
47.8672 101. 9069 656.84 
DEPTH TO ELEVATION 
FORMATION TOP (ml TO TOP (ml 
PIERRE 521. 21 135.64 
NIOBRARA 1060.70 -403.86 
CARLILE 1133.86 -477.01 
GREENHORN 1176.53 -519.68 
BELL FOURCHE 1203.96 -547.12 
i MOWRY-NWCSTLE 1286.26 -629.41 
SKULL CREEK 1368.55 -711. 71 
INYAN KARA 1405.13 -748.28 
SWIFT 1524.00 -867.16 
RIERDON 1688.59 -1031. 75 
PIPER 1722.12 -1065.28 
SPEARFISH 1834.90 -1178.05 
OPECHE 1888.24 -1231.39 
BROOM CK. 1888.24 -1231. 39 
AMSDEN 1937.00 -1280.16 
TYLER 1937.00 -1280.16 
OTTER-KIBBEY 1981. 20 -1324.36 
MADISON GRP. 2087.88 -1431. 04 
BOH 2379.57 
186 
NDGS WELL NO, 5313 
LATITUDE LONGITUDE ELEVATION (m) 
47.9578 101. 8261 633.68 
DEPTH TO ELEVATION 
FORMATION TOP (ml TO TOP (ml 
PIERRE 490.73 142.95 
NIOBRARA 941.83 -308.15 
CARLILE 1039.37 -405.69 
GREENHORN 1112.52 -478.84 
BELL FOURCHE 1152.14 -518,46 
MOWRY-NWCSTLE 1289.30 -655.62 
SKULL CREEK 1319.78 -686.10 
INYAN KARA 1353.31 -719.63 
SWIFT 1435.61 -801. 93 
RIERDON 1539.24 -905.56 
PIPER 1557.53 -923.85 
SPEARFISH 1682.50 -1048,82 
OPECHE 1783.08 -1149,40 
BROOM CK. 1783.08 -1149,40 
AMSDEN 1857.76 -1224,08 
TYLER 1857.76 -1224,08 
OTTER-KIBBEY 1923.29 -1289,61 
MADISON GRP. 2023.87 -1390,19 
BOH 2252.47 
187 
HDGS WELL HO. 5353 
LATITUDE LONGITUDE ELEVATION (m) 
47.8783 101. 9489 644.04 
DEPTH TO ELEVATION 
FORMATION TOP (m) TO TOP (ID) 
PIERRE 557.78 86.26 
NIOBRARA 1018.03 -373.99 
CARLILE 1109.47 -465.43 
GREENHORN 1179.58 -535.53 
BELL FOURCHE 1228.34 -584.30 
MOWRY-NWCSTLE 1298.45 -654.41 
SKULL CREEK 1368.55 -724.51 
INYAN KARA 1399.03 -754.99 
SWIFT 1487.42 -843.38 
RIERDON 1642.87 -998.83 
PIPER 1682.50 -1038.45 
SPEARFISH 1807.46 -1163.42 
OPECHE 1898.90 -1254.86 
BROOM CK. 1898.90 -1254.86 
AMSDEN 2007.11 -1363.07 
TYLER 2007.11 -1363.07 
OTTER-KIBBEY 2045.21 -1401.17 
MADISON GRP. 2188.46 -1544.42 
BOH 2420.11 
188 
NDGS WELL NO. 5481 
LATITUDE LONGITUDE ELEVATION (m) 
47.5833 101.9594 648.31 
DEPTH TO ELEVATION 
FORMATION TOP Cm} TO TOP {m) 
PIERRE 524.26 124.05 
NIOBRARA 1011. 94 -363.63 
CARLILE 1100.33 -452.02 
GREENHORN 1179.58 -531. 27 
BELL FOURCHE 1207.01 -558.70 
MOWRY-NWCSTLE 1286.26 -637.95 
SKULL CREEK 1362.46 -714.15 
INYAN KARA 1395.98 -747.67 
SWIFT 1520.95 -872.64 
RIERDON 1652.02 -1003.71 
PIPER 1679.45 -1031.14 
SPEARFISH 1776.98 -1128.67 
OPECHE 1883.66 -1235.35 
BROOM CK. 1901. 95 -1253.64 
AMSDEN 1978.15 -1329.84 
TYLER 1978.15 -1329.84 
OTTER-KIBBEY 2023.87 -1375.56 



































LONGITUDE ELEVATION (m) 
101. 9488 649.83 
DEPTH TO ELEVATION 
TOP (Ill) TO TOP (m) 
527.30 122.53 
















2161. 03 -1511. 20 
2395.73 
190 
NDGS WELL NO. 5731 
LATITUDE LONGITUDE ELEVATION (m) 
47.8856 101. 9708 650.14 
DEPTH TO ELEVATION 
FORMATION TOP (m) TO TOP <m) 
PIERRE 524.26 125.88 
NIOBRARA 1094.23 -444.09 
CARLILE 1146.05 -495.91 
GREENHORN 1188.72 -538.58 
BELL FOURCHE 1222.25 -572.11 
MOWRY-NWCSTLE 1319.78 -669.65 
SKULL CREEK 1389.89 -739.75 
INYAN KARA 1414.27 -764.13 
SWIFT 1542.29 -892.15 
RIERDON 1639.82 -989.69 
PIPER 1664.21 -1014.07 
SPEARFISH 1819.66 -1169.52 
OPECHE 1892.81 -1242.67 
BROOM CK. 1920.24 -1270.10 
AMSDEN 2020.82 -1370.69 
TYLER 2020.82 -1370.69 
OTTER-KIBBEY 2084.83 -1434.69 




NDGS WELL NO. 6637 
LATITUDE LONGITUDE ELEVATION (m) 
48.0539 101.795 635.81 
DEPTH TO ELEVATION 
FORMATION TOP (m} TO TOP (m} 
PIERRE 469.39 166.42 
NIOBRARA 969.26 -333.45 
CARLILE 1021. 08 -385.27 
GREENHORN 1088.14 -452.32 
BELL FOURCHE 1118.62 -482.80 
MOWRY-NWCSTLE 1203.96 -568.15 
SKULL CREEK 1267.97 -632.16 
INYAN KARA 1292.35 -656.54 
SWIFT 1408.18 -772.36 
RIERDON 1527.05 -891. 24 
PIPER 1557.53 -921. 72 
SPEARFISH 1700.78 -1064.97 
OPECHE 1767.84 -1132.03 
BROOM CK. 1767.84 -1132.03 
AMSDEN 1822.70 -1186.89 
TYLER 1822.70 -1186.89 
OTTER-KIBBEY 1868.42 -,1232.61 
MADISON GRP. 1953.77 -1317.96 
BOH 2166.52 
192 
NDGS WELL 1110. 6766 
LATITUDE LONGITUDE ELEVATION (m) 
47.8311 102.0192 610.82 
DEPTH TO ELEVATION 
FORMATION TOP (ml TO TOP (In) 
PIERRE 484.63 126.19 
NIOBRARA 1054.61 -443.79 
CARLILE 1118.62 -507.80 
GREENHORN 1167.38 -556.56 
BELL FOURCHE 1213.10 -602.28 
MOWRY-NWCSTLE 1283.21 -672.39 
SKULL CREEK 1365.50 -754.68 
INYAN KARA 1386.84 -776.02 
SWIFT 1507.85 -897.03 
RIERDON 1633.73 -1022.91 
PIPER 1664.21 -1053.39 
SPEARFISH 1764.79 -1153.97 
OPECHE 1898.90 -1288.08 
BROOM CK. 1917.19 -1306.37 
AMSDEN 2008.63 -1397.81 
TYLER 2008.63 -1397.81 
OTTER-KIBBEY 2057.40 -1446.58 
MADISON GRP. 2176.27 -1565.45 
BOH 2434.44 
193 
NDGS WELL NO. 6780 
LATITUDE LONGITUDE ELEVATION (m) 
47.8856 102.0025 645.26 
DEPTH TO ELEVATION 
FORMATION TOP (ml TO TOP (m} 
PIERRE 
NIOBRARA 1078.99 -433.73 
CARLILE 1152.14 -506.88 
GREENHORN 1194.82 -549.55 
BELL FOURCHE 1228.34 -583.08 
MOWRY-NWCSTLE 1313.69 -668.43 
SKULL CREEK 1380.74 -735.48 
INYAN KARA 1411.22 -765.96 
SWIFT 1548.38 -903.12 
RIERDON 1664.21 -1018.95 
PIPER 1691. 64 -1046.38 
SPEARFISH 1816.61 -1171. 35 
OPECHE 1908.05 -1262.79 
BROOM CK. 1938.53 -1293.27 
AMSDEN 2017.78 -1372.51 
TYLER 2017.78 -1372.51 
OTTER-KIBBEY 2063.50 -1418.23 
MADISON GRP. 2179.32 -1534.06 
BAKKEN 2740.15 -2094.89 
THREE FORKS 2773.68 -2128.42 
BIRDBEAR 2840.74 -2195.47 
DUPEROW 2852.93 -2207.67 
f 
SOURIS RIVER 2956.56 -2311.30 
DAWSON BAY 3069.34 -2424.07 
PRAIRE 3112.01 -2466.75 
WINNIPEGOSIS 3172.97 -2527.71 
ASHERN 3243.07 -2597.81 
INTERLAKE 3264.41 -2619.15 
STONEWALL 3532.63 -2887.37 
STONY MTN 3572.26 -2926.99 
RED RIVER 3642.36 -2997.10 
ROUGHLOCK 3840.48 -3195.22 
l ICEBOX 3852.67 -3207.41 BLACK ISLAND 3886.20 -3240.94 




NDGS WELL NO. 7708 
LATITUDE LONGITUDE ELEVATION (m) 
48.0467 101. 8489 629.41 
DEPTH TO ELEVATION 
FORMATION TOP {ml TO TOP {ml 
PIERRE 475.49 153.92 
NIOBRARA 926.59 -297.18 
CARLILE 1027.18 -397.76 
GREENHORN 1094.23 -464.82 
BELL FOURCHE 1136.90 -507.49 
MOWRY-NWCSTLE 1200.91 -571.50 
SKULL CREEK 1274.06 -644.65 
INYAN KARA 1307.59 -678.18 
SWIFT 1414.27 -784.86 
RIERDON 1487.42 -858.01 
PIPER 1499.62 -870.20 
SPEARFISH 1563.62 -934.21 
OPECHE 1670.30 -1040.89 
BROOM CK. 1685.54 -1056.13 
AMSDEN 1792.22 -1162.81 
TYLER 1792.22 -1162.81 
OTTER-KIBBEY 1871. 47 ..,.1242.06 
MADISON GRP. 1978.15 -1348.74 
BOH 2210.10 
195 
NDGS WELL NO, 7745 
LATITUDE LONGITUDE ELEVATION (m) 
47.3167 102.4056 624,23 
DEPTH TO ELEVATION 
FORMATION TOP (m) TO TOP {m) 
PIERRE 
l NIOBRARA 1143.00 -518.77 CARLILE 1203.96 -579.73 GREENHORN 1258.82 -634.59 BELL FOURCHE 1286.26 -662.03 
MOWRY-NWCSTLE 1386.84 -762.61 
SKULL CREEK 1469.14 -844.91 
INYAN KARA 1502.66 -878.43 
SWIFT 1621. 54 -997.31 
RIERDON 1755.65 -1131.42 
PIPER 1789.18 -1164.95 
SPEARFISH 1906.52 -1282.29 
OPECHE 2093.98 -1469.75 
BROOM CK. 2124.46 -1500.23 
AMSDEN 2249.42 -1625.19 
TYLER 2249.42 -1625.19 
OTTER-KIBBEY 2292.10 -1667.87 
MADISON GRP. 2432.30 -1808.07 
BAKKEN 3060.19 -2435.96 
THREE FORKS 3090.67 -2466.44 
BIRDBEAR 3160.78 -2536.55 
DUPEROW 3169.92 -2545.69 
SOURIS RIVER 3294.89 -2670.66 
DAWSON BAY 3380.23 -2756.00 
FRAIRE 3419.86 -2795.63 
WINNIPEGOSIS 3465.58 -2841.35 
ASHERN 3523.49 -2899.26 
INTERLAKE 3560.06 -2935.83 
STONEWALL 3846.58 -3222.35 
STONY MTN 3874,01 -3249.78 
RED RIVER 3977.64 -3353.41 
BOH 4066.03 
196 
NDGS WELL NO. 7783 
LATITUDE LONGITUDE ELEVATION (m) 
47.8428 102.1481 667.51 
DEPTH TO ELEVATION 
FORMATION TOP {ml TO TOP (ml 
PIERRE 
NIOBRARA 1138.43 -470.92 
CARLILE 1224.38 -556.87 
GREENHORN 1292.35 -624.84 
BELL FOURCHE 1328.93 -661.42 
MOWRY-NWCSTLE 1414.27 -746.76 
SKULL CREEK 1481. 33 -813.82 
INYAN KARA 1518.21 -850.70 
SWIFT 1633.73 -966.22 
RIERDON 1760.22 -1092.71 
PIPER 1789.18 -1121.66 
SPEARFISH 1926.34 -1258.82 
OPECHE 2020.82 -1353.31 
BROOM CK. 2045.21 -1377.70 
AMSDEN 2139.70 -1472.18 
TYLER 2139.70 -1472.18 
OTTER-KIBBEY 2194.56 -1527.05 
MADISON GRP. 2313.43 -1645.92 
BAKKEN 2913.89 -2246.38 
THREE FORKS 2938.27 -2270.76 
BIRDBEAR 3002.28 -2334.77 
DUPEROW 3011.42 -2343.91 
SOURIS RIVER 3124.20 -2456.69 
DAWSON BAY 3233.93 -2566.42 
PRAIRE 3276.60 -2609.09 
WINNIPEGOSIS 3336.04 -2668.52 
ASHERN 3404.62 -2737.10 
INTERLAKE 3444.24 -2776.73 
STONEWALL 3718.56 -3051.05 
STONY MTN 3752.09 -3084.58 
RED RIVER 3832.86 -3165.35 
ROUGHLOCK 4041. 65 -3374.14 
ICEBOX 4050.79 -3383.28 
BLACK ISLAND 4085.84 -3418.33 
DEADWOOD 4139.18 -3471. 67 
BOH 4351.32 
197 
HOOS WELL HO. 8009 
LATITUDE LONGITUDE ELEVATION (m) 
48.0086 101.7939 637.95 
DEPTH TO ELEVATION 
FORMATION TOP Cm) TO TOP (m) 
PIERRE 472.44 165.51 
NIOBRARA 929.64 -291. 69 
CARLILE 1063.75 -425.81 
GREENHORN 1103.38 -465.43 
BELL FOURCHE 1143.00 -505.05 
MOWRY-NWCSTLE 1210.06 -572.11 
SKULL CREEK 1264.92 -626.97 
INYAN KARA 1316.74 -678.79 
SWIFT 1411. 22 -773.28 
RIERDON 1533.14 -895.20 
PIPER 1578.86 -940.92 
SPEARFISH 1700.78 -1062.84 
OPECHE 1776.98 -1139.04 
BROOM CK. 1776.98 -1139.04 
AMSDEN 1837.94 -1200.00 
TYLER 1837.94 -1200.00 
OTTER-KIBBEY 1868.42 -1230.48 





ELEVATIONS TO TOP OF GREENHORN FORMATION 
198 
199 
WELL NO, T,RS. NAME LATITUDE LONGITUDE ELV, GREENHORN 
147-92-lOAABD YOUNG BEAR #1 47.570 -102.374 -634,59 
2 147-93-05BC EDWARD LOCKWOOD JR, #1 47-576 -102.558 -643-43 
3 1 4 7 -93.0SCDCA EDWARD LOCKWOOD #1 47,572 -102,554 -639, 17 
4 14 7-93-08BBCA HAIRY ROBE ESTATE #1 47,570 -102,558 -642,52 
5 147-93-0SCAAC BURBANK BIA 23-6 47.559 -102,555 -645.57 
6 147-93-08DC #1 BAD GUN 47.557 -102,552 -853.49 
7 14 7 -94-03CDBD MOCCASIN 3-24 BIA 47,572 -102,640 
-662,33 
8 147-94~5DBDC 33~5MOI 47.504 -102.617 
-661.42 
9 147-95-19BBAC CORRAL CREEK #1 47,540 -102.837 
-696,77 
,o 147-95-23DBDB B.N. NO, 1-23 47.535 -102.739 -711.71 
11 14 7 -95-29BBDB COASTAL AL AQ 29 47,524 -102,81 B -700.13 
12 147-95-29DBBD COASTALAL-AQ BN #2 47.520 -102.805 -704.70 
13 14 7-95~3 BOBO COGC-AL AQUI 33 47.507 -102.789 -699,52 
14 14 7-96-01 CCAD TABOR #1-1 47.573 -102.857 -676.05 
15 14 7-96-02BACA PELTON NO. 2-1 47,585 -102.874 -662.94 
16 147-96-02COAC BRANDVIK #2-1 47.573 -102.874 -667.21 
17 14 7 -96-03BBBD KNUTSON WERRE #3-2 47.586 -102.903 -672.39 
18 14 7 -98-03CCAA KNUTSON-WERRE #3-1 47,573 -102.902 -685,68 
19 14 7-96-04ADAC FEDERAL 4-#1 47.584 -102,906 -673.30 
20 14 7-96-1 OAACA TYSVER #1 0-1 47.571 -102.887 -669.95 
21 147-96-10CADB PELTON #1-10 47.559 -102.893 -672.69 
22 14 7-96-1 ODCBD FEDERAL 1 o #1 47.558 -102,890 -677.57 
23 147-96-11DBCO BRANDVIK 11-#1 47.551 -102.842 
-677.57 
24 147-96-13DABC BRANDVIK #1 47.551 -102.842 -692.20 
25 14 7-96-14BACO ENGVOLD NO. 1-14 47.554 _, 02.874 -736.40 
26 14 7-96-15DCAA SUMMERFIELD NO. 1-15 47.543 -102.688 
-678.79 
27 14 7 -96-22DDBD HAWKINSON BROWN 47.527 -102.893 -669.04 
28 148-87-20AB MATHENY 1-20A 47.825 -101.786 
-509.02 
29 148~-07AC SOLCUMN0.1 47.653 -102.059 
-628.50 
30 148-90-01ABA YOUNGBEAR-SANDERSON # 47.671 -102.084 -605.94 
31 148-90-12ABAC EMMA COFEE #1 47.855 -102.085 -621.49 
32 148~0-12DACA BEARSTAIL NO. 12-1 47.651 -102.075 
-e21.79 
33 148-'12-04ACBA YOUNG BEAR BIA 32-4 47.669 -102.403 
-643.43 
34 148-93-19ABAC MORELAND#l 47.625 -102.571 
-655.93 
35 148-95-1 BBD U.S.A. REED TRACT 1 #1 47.638 -102.834 
-679.40 
38 14S-96-03DCCA #1-A SIGNALNESS 47.658 -102.891 
-659.28 
200 
WELL NO. T.R.S. NAME LATITUDE 
LONGITUDE ELV. GREENHORN 
37 14e-96-26CBCD #26-1 HANSON 47.605 
-102.923 -671.17 
38 148-96-27ABDC FENTON NO. 27-2 47.609 
-102.890 -605.33 
39 148-96-34BCBD KNUTSON WERRE 34-1 
47.592 -102.904 -65!5.02 
40 148-96-35BBBC PORCUPINE RIDGE 35-1 
47.601 -102.865 -671.47 
41 148-97 -20CBB #1 CLARENCE 47.621 
-103.073 -710.49 
42 148-97-24DC LITTLE MISSOURI #1-24 
47.618 -102.974 -694.33 
43 149-86-16CA #1 STATE 
47.720 -101.689 -455.68 
44 149,9D-05ABDD GEORGE S. WOLF #1 
47.756 -102.220 -638.58 
45 149-91 -22BDCA SOLOMON BIRDBEAR ET AL # 47.707 
-102.308 -639.78 
46 149-92--33DDAC BULL FAMILY NO. 1 
47.672 -102.451 -644.65 
47 149-93-05ACAD TWO CROW #1-5 47.753 
-102.604 -660.50 
48 149-93-21 BCAC HARMON#1 47.707 
-102.591 -649.22 
49 149-93-24AC KENNEDY F32-24P 
47.707 -102.520 -652.58 
50 149-94-1 BBC OSCAR BERG NO. 1 47.723 
-102.718 -639.47 
51 149-94-21 DD #1 FETTIG D 6-1 
47.703 -102.706 -643.74 
52 149-95-03DBDA LYLE HENDERSON TRUST NO 
47.750 -102.818 -614.78 
53 149-95-1 SAAAC N.D.B. #1 TRACT 2 47.725 
-102.835 -645.26 
54 149-95-29BAAC NELSON #1-29 
47.701 -102.868 -655.93 
55 149-95-30BCBD FEDERAL NO. 1-30 
47.892 -102.891 -649.22 
56 149-95-32ACAC KATRINA#1 
47.684 -102.858 -670.26 
57 149-96-12DC BENHOMER RISSER #1 47.734 
-102.904 -634.29 
58 149-96-24CCD C.C.0.C. FEDERAL #1-24 47.700 
-102.933 -585.22 
59 150-88-09BBBD FORSMAN NO. 1-9 47.826 
-101.953 -541.93 
60 150-86-29 MYRTEL JORGENSON NO. 1 
47.784 -101.968 -551.08 
61 150-89-12BBCA PAVLSON NO. 12-11 
47.825 -102.018 -556.56 
62 150-89-25BDDB HENDRICKSON NO. 1-25 
47.784 -102.008 -566.93 
~ 63 1 50-90-01 BCBD TRIBAL 1-1 47.839 -102.142 
-624.84 
64 150-92-20ABAC APACHE-GRACE NO. 1-20 
47.802 -102.474 -645.87 
65 150-93-04BD NO. 1 FORT BERTHOLD 
47.839 -102.588 -668.12 
66 150-94-23DBAC BEAR DEN BAY N0.1 
47.791 -102.670 -675.74 
67 150-94-30AB LAWRENCE BIRDS BILL #1 
47.785 -102.755 -614.48 
68 150-94-33CB RABBIT HEAD #1 
47.760 -102.722 -629.41 
89 150-95-02CDAC W.S. BELQUIST "A" #1 47.834 
-102.803 -608.99 
70 150-95-04BBBD V.E. BUDAHN #2 
47.841 -102.852 -576.99 
71 150-S5-06ABAC C. LOVAAS #1 
47.841 -102.884 -563.27 
72 150-95-1 ODCBD W.J. WHEELER #1 




:~ WELL NO. T.R.S. NAME LATITUDE LONGITUDE 
ELV. GREENHORN 
73 150-95-16CC ND #1-"B' TRACT 3 47.803 -102.852 
-594.66 
74 150-95-21 CCAC #11-21 BERWALD FEDERAL 47.788 -102.852 
-805.64 
75 150-96-08BA KERR NO. 1-A 47.826 -102.992 
-591.01 
76 150-96-20BC LILLIBRIDGE NO. 3 47.793 -103.002 
-811.73 
77 15Hl7-18DD DOBRINSKI #18-44 47.903 -101.852 
-495.91 
78 151-88-0BDADC WELLS NO. A-1 47.906 -101.956 
-531.27 
79 151-88-1 SADAC CHINBURG 'A' N0.1 47.900 -101.985 
-535.53 
80 151-88-208DAC ZIEMANN0.1 47.885 -101.969 
-538.58 
81 151-88-21 CDAC BERNICE WALSH 'A' N0.1 47.874 -101.943 
-535.84 
82 151-88-26CA MCGUIRE 'A' NO. 1 47.867 -101.904 
-519.68 
83 151-89-230000 ORVILE NORDQUEST #1 47.876 -102.024 
-557.48 
84 151-89-24ADAC ROBERT V. ANDES NO. 24·1 47.885 -102.002 
-549.55 
85 151-89-25BBCA NORDQUISTB 47.872 -102.018 
-556.58 
86 151-89-27DBCA AGNES HOFFMAN NO. 1 47.867 -102.051 
-563.88 
87 151-89-34ABB0 KENNETH THOMPSON #1 47.856 -102.051 
-566.32 
88 151-90-136A NO. 1 BARTELSON 47.903 -102.138 
-595.27 
89 151-94-1 OAD #KENNETH DRAGS WOLF 47.909 -102.686 
~2.46 
90 151-94-1068 DRAGSWOLF #1 47.918 -102.703 
-819.66 
91 151-94-17CC HEART HEIRS #1 47.889 -102.741 
-597.71 
92 151-94-19ABDB GOODALL NO. 13-19 47.887 -102.754 
-598.93 
93 151-94-19DCBA #1 THOMAS YELLOWFACE 47.874 -102.755 
-599.54 
94 151-94-29CC BULLS EYE #1 47.858 -102.742 
-814.48 
97 151-95-16BDBD N.D.'I' #4 47.893 
-102.842 -569.37 
99 151-95-21 DBBD GOV'T DOROUGH 'E' 47.876 -102.839 
-548.64 
100 151-95-298BC S. SIVERTSON #1 47.872 -102.871 
-541.02 
101 151-95-29CDDA SIGURD SIVERTSON #2 47.858 
-102.867 -563.27 
102 151-96-15DD E. H. PITTSLEY #1 47.889 -102.939 
-561.75 
103 151-96-270A TANK#1 47.867 -102.940 
-562.66 
104 151-96-3400 SIGNALNESS - TANK UNIT #1 47.843 
-102.940 -571.20 
105 152-86-060BDA PANK NO. 10-8 48.008 -101.724 
-449.28 
106 152-87-0SDCBD ZAVALNEY NO. 1-03 48.005 -101.790 
-465.43 
107 152-87-19BC LARSON NO. 1-19 47.969 
-101.858 -486.77 
108 152-87-28BCCA RENSCH NO. 1-A 47.955 -101.822 
-478.84 
202 
WELL NO. T.R.S. NAME LATITUDE LONGITUDE ELV. GREENHORN 
109 152-87-29BDBD NESTE STAFLIEN #29-1 47.955 -101.638 -485.85 
110 152-88-02CC FJELDAHL #1 47.950 -101.900 -498.65 
111 152-88-02DB LYNNE FEE #43-2 47.954 -101.900 -492.56 
112 152-88-03ADDB TVEDT NO. 42-3 48.017 -101.910 -501.70 
113 152-88-03DDCB BANGEN 44-3 48.005 -101.918 -501.70 
114 152-88-0BADDB NO. 2-8 LIEN 48.001 -101.956 -512.06 
115 152-88-11BABC WURTZ FEE 11-11 48.003 -101.905 -503.53 
116 152-88-11CBAD GIESON 500 #13-11 47.993 -101.906 -503.83 
117 152-88-12 SKARSGARD #14-12 48.000 -101.883 -490.73 
118 152-88-12CBDD i #1-12 POGO/SKARSGAARD 
.. :.\..-, 
47.991 -101.886 -491.64 
119 152-88-13 RYDER-KOK NO. 1-13 47.983 -101.883 -491.95 
120 152-88-13CBAC KOK NO. 13-13 47.984 -101.888 -493.47 
121 152-88-14 NO. 1-14 LYNNE 47.983 -101.900 -494.69 
122 152-88-1 BACBD STATE 32-16 47.986 -101.940 -514.81 
123 152-88-16BABD VAN EECKHOUT 47.988 -101.950 -516.33 
124 152-88-19BC W. A. SPLETSTROSER #1 47.971 -101.992 -514.81 
125 152-88-21 ACCA KOK #32-21 47.970 -101.940 -510.54 
126 152-88-23 THUERINGER NO. 1-23 47.967 -101.900 -497.13 
127 152-88-24DBCB STAFSLIEN #1-24 47.968 -101.876 -490.12 
128 152-88-28CBDA PETERSON NO. A-1 47.786 -101.952 -519.38 
129 152-88-336 FLAHAVEN - A #1 47.940 -101.952 -516.64 
130 152-90-30BB STOLMAN#1 47.957 -102.253 -608.38 
131 152-93-1688 MOBIL NO. F-11-16-1 47.988 -102.591 -537.67 
132 152-93-23BDDC SANISH 1-23 47.969 -102.542 -688.54 
133 152-94-0688 #2 JENS STRAND 48.020 -102.767 -602.28 
134 152-94--0BCBCA T.L. LACEY #1 48.008 -102.768 -569.98 
135 152-94-07 ACBA ANTELOPE DEVONIAN UNIT-i 48.002 -102.754 -578.82 
136 152-94--07 ACCA #1 NORDBY-MELBY UNIT 48.001 -102.755 -582.47 
137 152-94--0788 ANTELOPE - DEVONIAN 48.003 -102.768 -571.20 
138 152-94-16CCBD ROSE HOPKINS HAND 47.975 -102.722 -630.02 
139 152-94-17ABDA HARVEY HOPKINS #3 47.988 -102.735 -618.44 
140 152-94-17DCCA GILBERT T. ROHDE #1 47.974 -102.735 -606.86 
141 152-94-18ABCA GEO. C. LEWIS NO. 2 47.988 -102.755 -584.91 
142 152-94-21 CCAC ELLAMANY RIBS A #1 47.959 -102.722 -594.06 
143 152-94-22CCAC DORA HOPKINS #1 47.959 -102.703 -620.27 



































DRAGSWOLF ALLOTIED #1 
NEWYEAR MANTRl8S #1 
ROSE N0.1 
FOX#1 
WOLF FEDERAL NO. 1 
ANTELOPE - DEVONIAN 
CLAYTON SORENSON #1 
S. GRIMESTAD TRACT 1 
KEOGH-CHAPIN UNIT #1 
MORTEN ANDERSON #1 
C. 0. FELLANO #1 
HMU-A-617 
ZA8LOTNEY NO. 1 
WHITE FARM NO. 1 
LATITUDE LONGITUDE ELV. GREENHORN 
47.952 -102.703 -602.59 
47.955 -102.722 -588.87 
47.939 -102.705 -608.08 
47.940 -102.701 -614.48 
47.935 -102.700 -618.74 
48.010 -102.776 -554.74 
47.988 -102.851 -540.72 
47.968 -102.884 -537.67 
47.937 -102.871 -538.58 
48.005 -102.926 -518.16 
48.020 -102.938 -512.98 
48.001 -102.892 -526.39 
48.052 -101.790 -452.32 
48.041 -101.843 -464.82 
APPENDIXE 
PARr I - SHALLOW WELL DATA COMPILED FROM ARMSTRONG (1971), 
KLAUSING (1974), AND PETIYJOHN (1968) 
....,._Id......_. __ _ 
------ :..--.-------- - --- - ·--.- ,f;~:;1i~W?r:ifai 
PLOT# LOCATION WELL NAME LATITUDE LONGITUDE ELEVATION ELEVATION OF RATIO OF DRIFT 
(T-R-S) (m} BEDROCK (m} CG/DRIFT THICKNESS (m) 
2 149-88-1CDD USAF-2 47.739 101.883 629.41 527.91 0.04 72.54 
3 149-88-27CCC USAF-3 47.689 101.935 811.12 485.55 0.58 113.69 
4 151-89-36DDD USGS-UP4 47.848 102.000 · 632.76 594.36 0.00 20.73 
5 149-90-4DDD YOUNGBIRD 47.747 102.194 579.12 603.50 0.00 7.62 
6 149-90-11ADA1 E.FOOTE 47.742 102.151 608.08 615.70 0.20 3.05 
7 148-90-2DB V.MALNOURIE 47.667 102.109 647.09 552.60 0.00 55.47 
8 148-90-SAAD L.MALNOURIE 47.670 102.172 606.25 612.04 0.14 10.36 
9 148-90-SBBC USBIA-8 47.657 102.184 642.52 593.75 0.15 24.99 
10 148-90-22BCC E.HALL 47.624 102.140 587.35 612.95 0.43 4.27 
11 148-69-20BAD N.GOODBIRD 47.629 102.047 626.97 619.96 0.01 8.53 
12 148-90-12DDB P.COFFEE 47.646 102.082 629.41 617.22 0.36 7.62 
N 
0 
13 148-90-13DDC BADBRAVE 47.632 102.082 624.84 
V1 
14 148-90-23AAA USBIA-9 47.642 102.099 632.76 
15 148-90-1 CAC T.BEAR 47.665 102.092 633.98 623.01 0.09 9.75 
16 149-89-19ADA AY 47.712 102.109 604.11 596.19 0.41 6.10 
17 148-89-12BDD DRABLOS 47.703 102.043 614.78 
18 148-89-28ACB B.DEANE 47.613 102.024 608.99 533.10 0.22 87.48 
19 148-90-24DCC L.PACKINEAU 47.616 102.087 640.69 639.78 0.00 8.53 
20 148-90-25BC L.HOLTAN-3 47.612 102.098 585.22 623.32 0.24 7.01 
21 148-90-26ABB2 L.HOLTAN-4 47.616 102.108 588.26 637.64 0.38 10.67 
22 149-90-24-CDA FREDRICKS 47.705 102.141 589.79 633.37 0.23 12.19 
23 149-89-4CDC MUHLBRADT 47.747 102.079 580.95 597.71 0.74 29.26 
24 149-89-18ADB MYERS 47.727 102.111 589.79 592.23 0.49 22.86 
25 148-88-1 scca E.PACK\NEAU-2 47.635 101,884 828.50 590.40 0.46 24.38 
............ -~,,g;.:.:a;"::~'<.: •. ·:,' '·: .· :;-,-.··:-.-- :·,'.: ~};_·,,jrfj;:i/:)" ~;:1-~i,·_:{iN.ti> .. - .. ,.. __ • 
PLOT# LOCATION WELL NAME LATITUDE LONGITUDE ELEVATION ELEVATION OF RATIO OF DRIFT 
(T-R-8) (m) BEDROCK (m) CG/DRIFT THICKNESS (m) 
26 148-88-16DAA J.WHITE 47.638 101.886 624.84 606.55 0.20 2.44 
27 148-88-10AAA YELLOWFACE-1 47.660 101.865 615.09 588.26 0.63 44.50 
28 148-88-7DCC J.SNAKE 47.647 101.938 648.31 598.93 0.15 30.48 
29 148-68-6DDC WOLF 47.648 101.913 630.33 609.60 0.35 15.24 
30 148-88-1 ODDO YELLOWFACE-2 47.647 101.886 618.74 
31 149-88-32AAC KLOPPEDEL 47.686 101.960 622.40 576.68 0.57 10.67 
32 148-89-11 AAB USBIA-6 47.654 101.975 648.31 614.17 0.00 18.59 
33 148-89-12DBB USBIA-7 47.652 101.958 645.57 630.63 0.10 10.06 
34 146,88-11 CCC J.WHITE-2 47.848 101.864 622.40 578.21 0.33 7.01 
35 148-88-11DBB E.WHITE 47.654 101.853 618.74 579.73 0.13 8.53 
36 148-88-13 BCB K.HOPKINS 47.639 101.837 617.22 tv 
0 
37 148-88-1AAA HOPKINS 47.873 101.822 601.98 588.57 0.42 17.68 (11 
38 148-88-1CB G.FOX 47.666 101.842 606.55 593.14 0.50 21.03 
39 148-88-280D USBIA-5 47.606 101.888 632.76 616.00 0.48 26.52 
40 148-88-2DDA USBIA-3 47.665 101.844 602.28 623.01 0.30 7.92 
41 148-88-2DDB USBIA-4 47.684 101.848 604.42 519.68 0.01 89.92 
46 151,89-1DAA V.ONSTAD 47.927 102.000 650.14 484.63 0.50 125.58 
47 151,89-30-BBB1 WAHNER 47.876 102.126 660.50 618.74 0.09 16.76 
48 151-90-3BAA NDSWCNDM12 47.934 102.183 605.03 504.75 0.50 95.10 
49 151,89-19CCC L.ERICKSON 47.877 102.127 658.37 629.11 0.24 0.30 
50 150-88-1DDD USAF-4 47.833 101.873 661.11 563.08 0.00 21.95 
51 150-ll8-18ADD A.SUND 47.813 101.980 619.05 611.12 0.25 0.00 
53 150-89-25CBB P.PEISAR 47.782 102.020 597.10 611.73 0.38 10.67 
54 150-89-33BCC MYERS 47.777 102.085 603.20 496.21 0.13 121.01 
~- ,...,.-- ,-~~s.. 
PLOT# LOCATION WELL NAME LATITUDE LONGITUDE ELEVATION ELEVATION OF RATIO OF DRIFT 
(T-R-S) (m) BEDROCK (m) CG/DRIFT THICKNESS (m) 
55 151-89-33DDC ANERUD 47.849 102.069 652.88 522.43 0.12 82.91 
56 150.Jl0-32CDC J.FOOTE 47.762 102.230 622.40 508.71 0.23 65.84 
57 150-89.JlCCC BRINKLEY 47.820 102.085 '649.83 476.40 0.14 121.92 
58 150-89-19CCD AVERY 47.791 102.119 625.75 485.55 0.18 111.86 
59 150.Jl0-25DAD J.GRADY 47.781 102.130 610.21 504.75 0.22 83.52 
60 150.Jl0-28DDC L.HOLTAN 47.776 102.205 611.12 543.46 0.16 49.38 
61 150-90-29ADA L.HOLTAN-2 47.785 102.216 617.22 569.98 0.04 19.81 
62 150-90-16C8B USBIA-1 47.811 102.214 622.40 584.30 0.29 19.81 
63 150-90-21 BC USBIA-2 47.798 102.124 617.52 492.25 0.55 104.24 
64 150-90-22CCC KERZMAN 47.791 102.192 623.32 509.32 0.00 94.18 
150-90-12BBB1 W.CONKLIN 102.150 666.90 N 65 47.833 594.06 0.41 14.33 0 
66 150-90-1 2DAA D.OLSON 47.826 102.130 660.50 503.22 0.74 -..J 88.70 
67 150-90-13ACA M.NECKLACE 47.815 102.134 641.30 470.92 0.14 102.41 
68 1 51 -88-8AAA USGS UP1 47.920 101.958 645.57 608.38 0.36 12.19 
69 151-88·12ASB USGS UP2 47.920 101.882 641.60 551.69 0.35 29.26 
70 151-88-29BBB USGS UP3 47.876 101.982 644.65 563.58 0.71 3.96 
71 151-90-35BAA USGS UP5 47.862 102. 151 668.12 554.74 0.36 24.99 
72 151.Jl0-36DDA P.A.BROSTE 47.861 102.162 675. 13 594.97 0.33 13. 11 
73 151-90-26DDD G.E.SOLOMONSON 47.850 102.129 665.07 551.38 0.21 50.60 
74 152-89-27ABB NDSWCNDM13 47.963 102.052 597.41 550. 16 0.45 39.62 
75 152-89-29DAD NDSWCNDM14 47.954 102.087 592.84 565.10 0.23 14.02 
76 152-89-30BCC NDSWC NDM16 47.957 102.128 591.62 481.89 0.03 111.25 
77 152-89-30CBC NDSWC NDM17 47.952 102.128 587.35 557.48 0.02 21.64 
78 152-89-30ACA NDSWC NDM15 47.958 102.115 594.06 564.18 0.14 42.37 
,~·-·'·"'"''·'"·' '"" '{tii'i'· ,/,:,<,, ,.,.. ,r · -;r--~ rt'tntr::ttt ; r• 
LOCATION WELL NAME LATITUDE LONGITUDE ELEVATION ELEVATION OF RATIO OF 
DRIFT 
(T-R-S) (m) BEDROCK (m) CG/DRIFT THICKNESS (m) 
79 152-89-30DBA NDSWC NDM18 47.956 102.116 589.18 618.13 
0.08 0.91 
80 15Hl9-30D0D ESTVOLD 47.950 102.110 590.09 655.32 
0.81 5.79 
81 152-89-31AAA NDSWCNDM20 47.949 102.109 ~98.63 
622.71 0.04 12.19 
82 152-89-31 ABA NDSWCNDM21 47.949 102.114 591.31 
592.23 0.38 14.33 
83 152-90-13CGC USGS UP12 47.979 102.150 626.97 
547.42 0.14 43.89 
84 152-90-18CCC USGS UP13 47.973 102.255 569.98 618.74 
0.49 7.01 
85 152-90-24000 NDSWC NDM24 47.964 102.129 607.47 
572.11 0.10 24.99 
86 152-90-25ABD NDSWC NDM25 47.960 102.133 605.33 575.77 
0.41 23.16 
87 152-90-260DG NDSWC NDM1 47.949 102.153 584.61 
504.44 0.47 94.49 
88 152-90-27CAA NDSWCNDM2 47.955 102.183 580.64 
550.47 0.22 50.80 
N 
89 152-90-29ADD NDSWCNDM3 47.957 102.216 595.27 
568.45 0.28 34.75 0 
co 
90 152-90-33BBC NDSWC NDM4 47.945 102.214 582.17 
576.99 0.00 12.19 
91 152-90-34BAB NDSWC NDM5 47.946 102.185 581.86 
619.35 0.12 30.48 
92 152-90-35BAC NDSWC NDM6 47.947 102.166 584.61 
653.80 0.78 13.11 
93 152-90-36AAA NDSWC NDM7 47.949 102.129 588.87 
654.71 0.26 5.79 
" 94 152--9o-36ABB 
NDSWCNDM8 47.948 102.136 584.61 835.81 0.40 
5.49 
" 
95 152-90-380DD NDSWCNDM9 47.936 102.129 602.59 
597.10 0.53 25.30 
96 152-91-13CCD NDSWCNDM10 47.979 102.275 564.79 
511.78 0.35 109.12 
97 152-91-25BBD NDSWC NDM11 47.960 102.274 565.40 
531.27 0.55 75.29 
98 148-90-1 OCDA LEVERETT 47.649 102.135 632.76 
99 152-88-1 ODDO USGSUP6 47.992 101.914 620.27 
604.72 0.75 18.59 
100 152-88-22AAA USGSUP8 47.977 101.914 635.51 
806.86 0.46 3.66 
101 150-90-16CCC NDSWC 3611 47.805 102.213 620.88 
602.89 0.71 7.32 
102 150-89-32DAA NDSWC5557 47.769 102.086 601.07 
582.17 7.36 28.96 
(.:::.:, 
°' ___ .·.rr 
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PLOT# LOCATION WELL NAME LATITUDE LONGITUDE ELEVATION ELEVATION OF RATIO OF DRIFT 
(T-R-S) (m) BEDROCK (m) CG/DRIFT THICKNESS (m) 
103 150-90-1 ?CCC NDSWC4072 47.805 102.235 606.55 605.03 0.25 12.19 
104 150-90-25DM NDSWC 4068 47.782 102.129 610.51 610.21 0.21 12.19 
105 150-89-31 BBC NDSWC4069 47.768 102.128 . 598.93 504.14 0.69 104.55 
106 150-90-36AAA NDSWC4071 47.774 102.129 608.69 
107 149-87-30ADD NDSWC5561 47.696 101.850 609 60 610.82 0.00 30.78 
108 149-87-32CCC NDSWC3622 47.674 101.849 610.21 633.37 0.31 11.28 
109 149-88-19BCC NDSWC4046 47.711 101.999 599.85 618.44 0.25 27.13 
110 149-88-35ABB NDSWC5560 47.688 101.903 617.22 647.70 0.00 10.67 
111 149-88-36AAA NDSWC3623 47.688 101.872 605.33 627.58 0.13 22.56 
112 149-69-2BBB NDSWC5556 47.760 102.042 591.92 644.35 0.00 16.15 
tv 
113 149-89-2DAD NDSWC 2842 47.751 102.022 573.33 636.42 0.31 16.46 0 
IO 
114 149-89-SCBC NDSWC3612 47.736 102.107 567.54 632.16 0.40 0.61 
115 149-89-9BAB NDSWC 2841 47.746 102.079 579.73 654.41 0.49 10.87 
116 149-89-1 OAAA NDSWC3613 47.746 102.043 574.55 654.10 0.62 14.02 
117 149-89-13AAA NDSWC4067 47.732 102.000 598.32 665.38 0.34 9.75 
118 149-89-13DAA NDSWC4049 47.724 102.000 597.41 
119 149-B9-15AAA NDSWC5555 47.731 102.043 588.26 601.07 0.21 35.97 
120 149-89-15DDC NDSWC5574 47.718 102.047 592.84 613.56 0.12 6.71 
121 149-89-24AAA NDSWC4048 47.717 102.000 596.49 607.47 0.14 28.04 
122 149-89-25AAA NDSWC 5559 47.703 102.000 603.50 582.47 0.28 14.94 
123 149-89-25ADD NDSWC4047 47.696 102.000 608.38 576.38 0.27 16.46 
124 149-90-1 AAA NDSWC4070 47.761 102.129 601.98 575.16 0.37 18.90 
125 148-88-11 AAA NDSWC5562 47.660 101.844 608.08 576.07 0.33 15.54 
126 148-88.SABA NDSWC3624 47.674 101.913 620.57 577.29 5.24 11.69 
........... ,...,..;..;.~----------- ... :.... .............. ,.--:. ._,_.:.,:__ ~-:;'~ ·~:; ;(i:J; i~-~ ·:~.~-~f,~S,~~i~4~~~-li 
PLOT# LOCATION WELL NAME LATITUDE LONGITUDE ELEVATION ELEVATION OF RATIO OF DRIFT 
(T-R,S) (ml BEDROCK (rn) CG/DRIFT THICKNESS (m) 
127 148-87.eDCC NDSWC 2839 47.661 101.810 600.46 558.39 0.33 28.96 
128 148-87'7AAA2 NDSWC 3626 47.660 101.801 599.24 568.45 0.29 21.64 
129 148-88-1 OCDD NDSWC 3621 47.647 101.876 611.12 
130 148-89-20CBB NDSWC5552 47.624 102.056 615.09 576.68 0.00 14.63 
131 148-90-8DDD NDSWC5576 47.662 102.185 614.17 619.35 0.13 7.62 
132 149-a7-8DCCC NDSWC3816 47.747 101.859 635.51 544.68 0.18 25.30 
133 149-87-20BBB NDSWC5571 47.717 101.849 630.94 604.72 0.19 2.74 
134 149-88-27-BBB NDSWC3625 47.702 101.935 605.03 596.80 0.21 8.53 
135 149-89-36BBB2 NDSWC 2840 47.688 102.021 620.57. 573.02 0.48 11 58 
136 149-90-28DDD NDSWC 5575 47.689 102.193 579.12 563.88 0.05 16.76 
137 149-90-34CCC NDSWC5553 47.675 102.192 593.14 572.72 0.35 22.56 N 
.... 
138 150-88-16CCD NDSWC 3614 47.805 101.952 606.55 575.16 0.40 7.01 0 
139 150-68-24CCC NDSWC2844 47.790 101.892 634.9D 571.80 0.19 10.06 
140 150-88-28DDD NDSWC 3615 47.776 101.936 606.55 565.71 0.18 18.90 
141 150-88-29CDC NDSWC 2843 47.776 101.972 591 .31 574.85 0.24 14.02 
142 150-89-26AAA NDSWC 5558 47.790 102.022 598.93 566.32 0.26 18.29 
143 150-89-34AAA NDSWC5572 47.775 102.044 589.18 591.31 0.00 11.28 
144 151-a7-8BB USAF WARD 1 47.920 101.848 646.00 542.24 0.29 22.56 
145 152-87-17CCC USGS 3197 47.978 101.849 637.03 544.68 0.46 20.73 
200 150-92-14ABD AFT-2 47.816 102.415 593.14 576.38 0.27 16.76 
201 150-92-2ABA AFT-1 47.847 102.413 589.18 555.65 0.34 33.53 
202 150-93-11 BAA AFT-8 47.833 102.547 676.66 666.60 0.00 10.06 
203 150-93-1 DDA AFT-3 47.836 102.514 664.16 641.30 0.80 22.86 
204 150-93-2ADC AFT-4 47.841 102.540 684.28 672.08 0.25 12.19 
PLOT# LOCATION WELL NAME LATITUDE LONGITUDE ELEVATION ELEVATION OF RATIO OF DRIFT 
(T-R-S) (m) BEDROCK (m) CG/DRIFT THICKNESS (m) 
205 150-93-2CBB AFT-5 47.840 102.556 658.37 634.90 0.00 23.47 
206 151--92-22DDO USGSUN3 47.877 102.428 578.82 524.87 0.49 53.95 
207 151--92-31AAA USGSUN4 47.862 102.493 599.85 589.48 0.38 10.36 
206 151--92-34DAA USGSUN5 47.853 102.429 576.38 524.56 0.57 51.82 
209 151-92-3CCC USGS UN1 47.921 102.450 579.12 495.30 0.38 83.82 
210 151-92-SBBB USGS UN2 47.920 102.491 586.74 565.10 0.25 21.64 
212 151-93-22000 USGS UN6 47.877 102.557 605.33 . 502.31 0.80 103.02 
213 151--93-23BCC USGS UN7 47.884 102.556 590.09 561.44 0.09 28.65 
214 151--93-28DOD A.BANGPN 47.862 102.579 643.13 576.68 0.02 66.45 
215 151-93-29AOD C.B.SHOBE-2 47.871 102.601 629.41 613.87 0.00 15.54 
216 151-93-35BBB A.C.BANGPN 47.662 102.556 612.65 594.97 0.76 17.68 N 
...... 
217 152-92-14DOD USGSUN9 47.978 102.408 568.45 544.07 0.34 24.38 ...... 
218 152--92-19AAA3 USGS UN10 47.978 102.493 577.90 529.74 0.26 48.16 
219 152--92 19AAB USGS UN11 47.978 102.498 576.68 527.61 0.27 49.07 
220 152--92-20AOD USGS UN12 47.972 102.472 587.04 493.47 0.23 93.57 
221 152--92-20BBA USGS UN13 47.978 102.489 579.42 520.29 0.45 59.13 
222 152--92-29DDD USGS UN15 47.949 102.472 572.11 534.92 0.16 37.19 
223 152--92-31 CCC USGS UN16 47.935 102.513 599.85 584.61 0.60 15.24 
~ 
PARf I I- SHALLOW WELL LOGS COMPILED FROM ARMSTRONG 
(1971), KLAUSING (1974), AND PETIYJOHN (1968) 
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149-88-1 CDD WELL NO. 2 
USAF-2 LAT. 47.739 LONG. 101.883 
ELEV: 629.41 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 629.41 
TOPSOIL 0.30 0.30 629.11 
FORT UNION GROUP: CLAY 20.42 20.73 608.69 
SAND 3.66 24.38 605.03 
SILT 2.44 26.82 602.59 
SAND 3.66 30.48 598.93 
149-88-27CCC WELL NO. 3 
USAF-3 LAT. 47.689 LONG. 101.935 
ELEV: 615.70 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 615.70 
TOP SOIL 0.00 0.00 615.70 
FORT UNION GROUP: CLAY 11.28 11.28 604.42 
SAND 7.92 19.20 596.49 
SILT 1.52 20.73 594.97 
CLAY 10.67 31.39 584.30 
214 
151-89--36DDO 
WELL NO. 4 USGS UP4 
LAT. 47.848 LONG. 102.000 
ELEV: 
632.76 
GEOLOGIC SOURCE: MATERIAL 
DRIFT: THICKNESS DEPTH ELEV. 






149-90-4DDD WELL NO. 5 
YOUNGBIRD LAT. 47.747 LONG. 102.194 
ELEV: 579.12 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 579.12 
TOP SOIL 1.52 1.52 577.f/J 
CLAY 20.12 21.64 557.48 
FORT UNION GROUP: LIGNITE 1.83 23.47 555.65 
CLAY 5.49 28.96 550.16 
LIGNITE 3.05 32.00 547.12 
CLAY 4.57 36.58 542.54 
SAND 0.61 37.19 541.93 
CLAY 14.02 51.21 527.91 
SAND 0.61 51.82 527.30 
149-90-11 ADA 1 WELL NO. 6 
E.FOOTE LAT. 47.742 LONG. 102.151 
ELEV: 608.08 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 608.08 
TOP SOIL 0.61 0.61 607.47 
CLAY 12.50 13.11 594.97 
FORT UNION GROUP: SANDSTONE 0.61 13.72 594.36 
CLAY 8.53 22.25 585.83 
LIGNITE 0.61 22.86 585.22 
CLAY 18.59 41.45 566.62 
SAND 24.08 65.53 542.54 
LIGNITE 4.57 70.10 537.97 
216 
148-90-2D8 WELL NO. 7 
V.MALNOURfE 
LAT. 47.667 LONG. 102.109 
ELEV: 647.09 ;;: 
-i 
C 
GEOLOGIC SOURCE: MATERIAL 
,,: 
ft 
DRIFT: THICKNESS DEPTH ELEV. 
0.00 0.00 647.09 TOPSOIL 15.24 16.76 630.33 SAND 15.24 32.00 615.09 CLAY 16.76 48.n 598.32 SAND 0.00 0.00 647.09 
148-90-5AAD WELL NO. 8 l.MALNOURIE LAT. 47.670 LONG. 102.172 
ELEV: 606.25 
GEOLOGIC SOURCE: MATERIAL 
DRIFT: THICKNESS DEPTH ELEV. 
o.oo 0.00 606.25 TOP SOIL 1.52 1.52 604.72 CLAY 20.42 21.95 584.30 GRAVEL 14.02 35.97 570.28 FORT UNION GROUP: SANDSTONE 1.83 37.80 568.45 SHALE 12.50 50.29 555.96 
SANDSTONE 8.84 59.13 547.12 
217 
148-90-8BBC WELL NO. 9 
USBIA-8 LAT. 47.657 LONG. 102.184 
; )) ELEV: 642.52 
j GEOLOGIC SOURCE: MATERIAL THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 642.52 
TOPSOIL 2.74 2.74 639.78 
CLAY 4.88 7.62 634.90 
SAND 16.76 24.38 618.13 
CLAY 2.13 26.52 616.00 
FORT UNION GROUP: LIGNITE 0.30 26.82 615.70 
CLAY 5.49 32.31 610.21 
LIGNITE 1.52 33.83 608.69 
CLAY 7.32 41.15 601.37 
SAND 6.10 47.24 595.27 
CLAY 2.13 49.38 593.14 
LIGNITE 1.52 50.90 591.62 
CLAY 7.01 57.91 584.61 
SAND 1.52 59.44 583.08 
CLAY 2.13 61.57 580.95 
LIGNITE 0.91 62.48 580.03 
CLAY 10.67 73.15 569.37 
SAND 4.57 77.72 564.79 
CLAY 9.14 86.87 555.65 









-,_ .. ::.:.';,. 
' 
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148-90-22BCC WELL NO. 10 
E.HALL LAT. 47.624 LONG. 102.140 
ELEV: 587.35 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 587.35 
TOPSOIL 0.91 0.91 586.44 
SAND 9.75 10.67 576.68 
FORT UNION GROUP: CLAY 10.67 21.34 566.01 
SAND 1.52 22.86 564.49 
LIGNITE 1.52 24.38 562.97 
CLAY 10.97 35.36 551.99 
LIGNITE 1.22 36.58 550.77 
SAND 1.52 38.10 549.25 
LIGNITE 2.13 40.23 547.12 
CLAY 0.91 41.15 546.20 
SAND 3.66 44.81 542.54 
LIGNITE 1.52 46.33 541.02 
SAND 3.35 49.68 537.67 
LIGNITE 0.61 50.29 537.06 
CLAY 3.96 54.25 533.10 
LIGNITE 0.61 54.86 532.49 




WELL NO. 11 
'11 
N.GOOD81RD 
LAT. 47.629 LONG. 102.047 
1r 







THICKNESS DEPTH ELEV. 
DRIFT: 
0.00 o.oo 626.97 TOPSOIL 0.91 0.91 626.06 CLAY 4.88 5.79 621.18 GRAVEL 6.40 12.19 614.78 SANDSTONE 2.74 14.94 612.04 GRAVEL 13.41 28.35 598.63 CLAY 0.91 29.26 597.71 FORT UNION GROUP: SANDSTONE 4.88 34.14 592.84 LIGNITE 3.05 37.19 589.79 
148-90-12008 
WELL NO. 12 P.COFFEE 





THICKNESS DEPTH ELEV. 
DRIFT: 


















































































































































148·90-1CAC WELL NO. 15 
T.BEAR LAT 47.665 LONG. 102.092 
ELEV: 633.98 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 633.98 
TOPSOIL 0.61 0.61 633.37 
CLAY 3.96 4.57 629.41 
SAND 35.05 39.62 594.36 
149-89-19ADA WELL NO. 16 
AY LAT. 47.712 LONG. 102.109 
ELEV: 604.11 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 604.11 
TOPSOIL 0.61 0.61 603.50 
CLAY 12.19 12.80 591.31 
SANDSTONE 2.44 15.24 588.87 
GRAVEL 3.96 19.20 584.91 
SAND 0.61 19.81 584.30 
FORT UNION GROUP: CLAY 23.16 42.98 561.14 




























47.703 LONG. 102.043 
THICKNESS DEPTH ELEV. 
0.00 0.00 614.78 
0.91 0.91 613.87 
23.47 24.38 590.40 




--¥ WELL NO. 18 
,1) 
'ii. 8.DEANE LAT. 47.613 LONG. 102.024 
,· 
ELEV: 608.99 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 608.99 
TOPSOIL 2.44 2.44 606.55 
FORT UNION GROUP: LIGNITE 0.30 2.74 606.25 
CLAY 1.22 3.96 605.03 
SAND 8.23 12.19 596.80 
CLAY 2.13 14.33 594.66 
SAND 1.52 15.85 593.14 
SANDSTONE 0.30 16.15 592.84 
CLAY 0.91 17.07 591.92 
SAND 4.57 21.64 587.35 
LIGNITE 0.91 22.56 586.44 
SAND 3.05 25.60 583.39 
LIGNITE 3.05 28.65 580.34 
SANDSTONE 0.30 28.96 580.03 
CLAY 3.96 32.92 576.07 
LIGNITE 0.61 33.53 575.46 
CLAY 13.72 47.24 561.75 
SANDSTQNE 0.30 47.55 561.44 
CLAY 15.24 62.79 546.20 
LIGNITE 2.13 64.92 544.07 
CLAY 5.79 70.71 538.28 
SANDSTONE 0.30 71.02 537.97 
CLAY 6.10 77.11 531.88 
LIGNITE 0.61 77.72 531.27 
CLAY 14.94 92.66 516.33 
LIGNITE 0.91 93.57 515.42 
CLAY 3.35 96.93 512.06 
SAND 5.79 102.72 506.27 
CLAY 2.74 105.46 503.53 
LIGNITE 0.61 106.07 502.92 
CLAY 12.19 118.26 490.73 
LIGNITE 0.91 119.18 489.81 
CLAY 4.27 123.44 485.55 
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148-90-24DCC WELL NO. 19 
L.PACKINEAU LAT. 47.618 LONG. 102.087 
ELEV: 640.69 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 640.69 
TOPSOIL 0.00 0.00 640.69 
SAND 3.96 3.96 636.73 
CLAY 5.18 9.14 631.55 
SAND 0.91 10.06 630.63 
FORT UNION GROUP: LIGNITE 0.30 10.36 630.33 
CLAY 1.83 12.19 628.50 
LIGNITE 0.61 12.80 627.89 
CLAY 1.52 14.33 626.36 
LIGNITE 0.30 14.63 626.06 
CLAY 7.62 22.25 618.44 
LIGNITE 0.61 22.86 617.83 
CLAY 5.18 28.04 612.65 
SAND 0.91 28.96 611.73 
CLAY 19.20 48.16 592.53 
LIGNITE 1.52 49.68 591.01 
CLAY 6.10 55.78 584.91 
SAND 0.61 56.39 584.30 
CLAY 5.18 61.57 579.12 
LIGNITE 0.61 62.18 578.51 
CLAY 6.40 68.58 572.11 
LIGNITE 0.91 69.49 571.20 
CLAY 28.35 97.84 542.85 
LIGNITE 0.91 98.76 541.93 
CLAY 7.92 106.68 534.01 
SAND 4.57 111.25 529.44 
LIGNITE 0.61 111.86 528.83 
CLAY 6.71 118.57 522.12 
SAND 0.61 119.18 521.51 
225 
-~ 
148-90-25BC WELL NO. 20 
L.HOLTAN-3 LAT. 47.612 LONG. 102.098 
ELEV: 585.22 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 585.22 
TOPSOIL 3.05 3.05 582.17 
CLAY 3.96 7.01 578.21 
FORT UNION GROUP: SHALE 6.71 13.72 571.50 
LIGNITE 1.22 14.94 570.28 
SANDSTONE 7.62 22.56 562.66 
SHALE 6.10 28.65 556.56 
LIGNITE 1.52 30.18 555.04 
SHALE 36.27 66.45 518.77 
SANDSTONE 5.49 71.93 513.28 
SHALE 36.88 108.81 476.40 
SANDSTONE 28,65 137.46 447.75 
SHALE 97.23 234.70 350.52 
SANDSTONE 7.32 242.01 343.20 
SHALE 6.71 248.72 336.50 
SANDSTONE 6.10 254.81 330.40 
SHALE 10.36 265.18 320.04 
SANDSTONE 22.25 287.43 297.79 
\ 
SHALE 5.18 292.61 292.61 
. SANDSTONE 7.32 299.92 285.29 
' 
I 
SHALE 14.02 313.94 271.27 
SANDSTONE 5.79 319.74 265.48 
SHALE 8.23 327.96 257.25 
J SANDSTONE 18.90 
346.86 238.35 
r 
SHALE 10.67 357.53 227.69 
SANDSTONE 6.40 363.93 221.28 
SHALE 11.58 375.51 209.70 
SANDSTONE 10.36 385.88 199.34 
SHALE 3.05 388.92 196.29 
SANDSTONE 5.49 394.41 190.80 
SHALE 4.88 399.29 185.93 
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148-90-26ABB2 WELL NO. 21 
L.HOLTAN-4 LAT. 47.616 LONG. 102.108 
ELEV: 587.35 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 587.35 
TOP SOIL 1.22 1.22 586.13 
CLAY 5.79 7.01 580.34 
SAND 0.61 7.62 579.73 
FORT UNION GROUP: CLAY 2.13 9.75 577.60 
LIGNITE 0.61 10.36 576.99 
SHALE 23.16 33.53 553.82 
LIGNITE 0.61 34.14 553.21 
SHALE 4.27 38.40 548.94 
SANDSTONE 4.88 43.28 544.07 
149-90-24CDA WELL NO. 22 
FREDRICKS LAT. 47.705 LONG. 102.141 
ELEV: 589.79 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 589.79 
TOP SOIL 0.61 0.61 589.18 
GRAVEL 2.44 3.05 586.74 
SAND 9.14 12.19 577.60 
CLAY 14.94 27.13 562.66 
SAND 12.50 39.62 550.16 
FORT UNION GROUP: CLAY 13.11 52.73 537.06 








































47.747 LONG. 102.079 
THICKNESS DEPTH ELEV. 
0.00 0.00 580.95 
0.00 0.00 580.95 
4.27 4.27 576.68 
0.61 4.88 576.07 
13.41 18.29 562.66 
10.97 29.26 551.69 
2.13 31.39 549.55 
0.30 31.70 549.25 
1.83 33.53 547.42 
24 
47.727 LONG. 102.111 
THICKNESS DEPTH ELEV. 
0.00 0.00 589.79 
1.22 1.22 588.57 
7.32 8.53 581.25 
0.61 9.14 580.64 
24.38 33.53 556.26 
0.61 34.14 555.65 
r..: 
-,;~~::•~:,~) ... ,~;t~tf~l~!~t.t; 
228 .. ~- ... 
148-88-15CCB WELL NO. 25 
E.PACKINEAU-2 LAT. 47.635 LONG. 101.884 
ELEV: 628.50 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 628.50 
TOPSOIL 1.52 1.52 626.97 
FORT UNION GROUP: CLAY 16.15 17.68 610.82 
LIGNITE 1.83 19.51 608.99 
CLAY 1.52 21.03 607.47 
LIGNITE 4.88 25.91 602.59 
CLAY 19.51 45.42 583.08 
SANDSTONE 0.30 45.72 582.78 
148-88-16DAA WELL NO. 26 
J.WHITE LAT. 47.638 LONG. 101.886 
ELEV: 624.84 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 624.84 
TOP SOIL 0.30 0.30 624.54 
FORT UNION GROUP: CLAY 7.32 7.62 617.22 
LIGNITE 0.30 7.92 616.92 
CLAY 7.01 14.94 609.90 
LIGNITE 2.74 17.68 607.16 
CLAY 6.10 23.77 601.07 
LIGNITE 5.18 28.96 595.88 
CLAY 2.44 31.39 593.45 













































47.660 LONG. 101.865 
THICKNESS DEPTH ELEV. 
0.00 0.00 615.09 
1.52 1.52 613.56 
19.20 20.73 594.36 
24.99 45.72 569.37 
4.88 50.60 564.49 
20.12 70.71 544.37 
24.38 95.10 519.99 
28 
47.647 LONG. 101.938 
THICKNESS DEPTH ELEV. 
0.00 0.00 648.31 
0.61 0.61 647.70 
7.92 8.53 639.78 
0.61 9.14 639.17 
0.91 10.06 638.25 
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148-88-8DDC WELL NO. 29 




! ELEV: 630.33 
I 
I 
I GEOLOGIC SOURCE: MATERIAL 
' THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 
630.33 
TOPSOIL 0.91 0.91 629.41 
FORT UNION GROUP: CLAY 6.10 7.01 623.32 
LIGNITE 1.52 8.53 621.79 
CLAY 3.05 11.58 618.74 
SAND 3.66 15.24 615.09 
CLAY 2.44 17.68 612.65 
LIGNITE 3.05 20.73 609.60 
CLAY 10.97 31.70 598.63 
LIGNITE 0.91 32.61 597.71 
CLAY 3.35 35.97 594.36 
LIGNITE 3.66 39.62 590.70 
CLAY 7.62 47.24 583.08 
SAND 10.67 57.91 572.41 
LIGNITE 1.22 59.13 571.20 
CLAY 0.30 59.44 570.89 
231 
148-88-1 ODDO WELL NO. 30 
YELLOWFACE-2 LAT. 47.647 LONG. 101.886 
ELEV: 618.74 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 618.74 
TOP SOIL 0.61 0.61 618.13 
CLAY 2.44 3.05 615.70 
FORT UNION GROUP: CLAY 1.52 4.57 614.17 
SAND 6.10 10.67 608.08 
CLAY 6.71 17.37 601.37 
SANDSTONE 0.30 17.68 601.07 
CLAY 15.85 33.53 585.22 
LIGNITE 3.05 36.58 582.17 
CLAY 10.67 47.24 571.50 
LIGNITE 0.91 48.16 570.59 
CLAY 7.32 55.47 563.27 
SAND 5.49 60.96 557.78 
149-88-32AAC WELL NO. 31 
KLOPPEDEL LAT. 47.686 LONG. 101.960 
ELEV: 622.40 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 622.40 
TOP SOIL 0.00 0.00 622.40 
FORT UNION GROUP: CLAY 17.83 17.83 604.57 
.GRAVEL 0.76 18.59 603.81 
CLAY 3.35 21.95 600.46 
SANDSTONE 7.32 29.26 593.14 
GRAVEL 4.27 33.53 588.87 
CLAY 30.48 64.01 558.39 




148-89-11 MB WELL NO. 32 
USBIA-6 LAT. 47.654 LONG. 101.975 
ELEV: 648.31 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: · 0.00 0.00 648.31 
TOPSOIL 1.52 1.52 646.79 
GRAVEL 3.05 4.57 643.74 
CLAY 4.57 9.14 639.17 
GRAVEL 1.52 10.67 637.64 
FORT UNION GROUP: CLAY 4.57 15.24 633.07 
LIGNITE 1.52 16.76 631.55 
SAND 3.05 19.81 628.50 
LIGNITE 1.52 21.34 626.97 
SAND 3.05 24.38 623.93 
LIGNITE 1.52 25.91 622.40 
GRAVEL 4.57 30.48 617.83 
LIGNITE 1.52 32.00 616.31 
CLAY 15.24 47.24 601.07 
LIGNITE 3.05 50.29 598.02 
SAND 13.72 64.01 584.30 
CLAY 4.57 68.58 579.73 
SAND 1.52 70.10 578.21 
LIGNITE 3.05 73.15 575.16 
CLAY 1.52 74.68 573.63 
LIGNITE 9.14 83.82 564.49 
CLAY 3.05 86.87 561.44 
LIGNITE 1.52 88.39 559.92 
CLAY 1.52 89.92 558.39 
LIGNITE 1.52 91.44 556.87 
SAND 15.24 106.68 541.63 
LIGNITE 1.52 108.20 540.11 
CLAY 6.10 114.30 534.01 
LIGNITE 4.57 118.87 529.44 
CLAY 3.05 121.92 526.39 
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148-89-12DBB WELL NO. 33 
USBIA-7 LAT. 47.652 LONG. 101.958 
ELEV: 645.57 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 645.57 
TOP SOIL 0.61 0.61 644.96 
CLAY 5.49 6.10 639.47 
SAND 6.10 12.19 633.37 
FORT UNION GROUP: LIGNITE 1.22 13.41 632.16 
CLAY 27.74 41.15 604.42 
SAND 13.41 54.56 591.01 
LIGNITE 0.30 54.86 590.70 
CLAY 1.52 56.39 589.18 
LIGNITE 3.05 59.44 586.13 
CLAY 11.89 71.32 574.24 
SANDSTONE 0.30 71.63 573.94 
CLAY 11.89 83.52 562.05 
LIGNITE 3.35 86.87 558.70 
148-88-11CCC WELL NO. 34 
J.WHITE LAT. 47.648 LONG. 101.864 
ELEV: 622.40 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 622.40 
TOPSOIL 1.52 1.52 620.88 
CLAY 4.27 5.79 616.61 
GRAVEL 4.57 10.36 612.04 
FORT UNION GROUP: LIGNITE 6.10 16.46 605.94 
CLAY 12.50 28.96 593.45 






148-88-11 DBS WELL NO. 35 
E.WHITE LAT. 47.654 LONG. 101.853 
ELEV: 618.74 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 618.74 
TOP SOIL 1.22 1.22 617.52 
CLAY 17.07 18.29 600.46 
FORT UNION GROUP: SAND 6.71 24.99 593.75 
CLAY 14.63 39.62 579.12 
SAND 0.30 39.93 578.82 
CLAY 5.79 45.72 573.02 
148-88-13BCB WELL NO. 36 
K.HOPKINS LAT. 47.639 LONG. 101.837 
ELEV: 617.22 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 617.22 
\ 
TOP SOIL 0.91 0.91 616.31 
FORT UNION GROUP: CLAY 3.35 4.27 612.95 
LIGNITE 0.91 5.18 612.04 
CLAY 11.28 16.46 600.76 
LIGNITE 2.44 18.90 598.32 
CLAY 3.96 22.86 594.36 
' 
SAND 22.25 45.11 572.11 
LIGNITE 0.61 45.72 571.50 
CLAY 2.13 47.85 569.37 
l LIGNITE 
0.91 48.77 568.45 




I 148-88-1 AAA WELL NO. 37 
I HOPKINS LAT. 47.673 LONG. 101.822 
ELEV: 601.98 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 601.98 
TOP SOIL 0.00 0.00 601.98 
CLAY 5.18 5.18 596.80 
SAND 4.27 9.45 592.53 
CLAY 12.50 21.95 580.03 
SAND 23.47 45.42 556.56 
CLAY 8.84 54.25 547.73 
SAND 16.46 70.71 531.27 
148-88-1CB WELL NO. 38 
G.FOX LAT. 47.666 LONG. 101.842 
ELEV: 607.16 
\ GEOLOGIC SOURCE: MATERIAL 
' THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 607.16 
TOPSOIL 0.61 0.61 606.55 
SAND 56.39 57.00 550.16 
' 
CLAY 2.44 59.44 547.73 
GRAVEL 0.61 60.05 547.12 
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I 148-88-28DD WELL NO. 39 
I USBIA-5 LAT. 47.606 LONG. 101.888 
I ELEV: 632.76 
I GEOLOGIC SOURCE: MATERIAL 
' I THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 632.76 
TOPSOIL 1.52 1.52 631.24 
l FORT UNION GROUP: CLAY 10.06 11.58 621.18 
' 
SANDSTONE 0.61 12.19 620.57 
CLAY 20.73 32.92 599.85 
SANDSTONE 2.74 35.66 597.10 
CLAY 1.22 36.88 595.88 
148-88-2DDA WELL NO. 40 
USBIA-3 LAT. 47.665 LONG. 101.844 
ELEV: 602.28 
l GEOLOGIC SOURCE: MATERIAL THICKNESS DEPTH ELEV. 
' DRIFT: 0.00 0.00 602.28 
TOP SOIL 0.00 0.00 602.28 
FORT UNION GROUP: CLAY 6.10 6.10 596.19 
SANDSTONE 17.37 23.47 578.82 
SHALE 34.75 58.22 544.07 
GRAVEL 5.79 64.01 538.28 
SAND 7.32 71.32 530.96 
CLAY 2.13 73.46 528.83 
• 
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i 48-88-2DDB WELL NO. 41 
USBIA-4 LAT. 47.664 LONG. 101.848 
ELEV: 604.42 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 604.42 
TOPSOIL 0.00 0.00 604.42 
CLAY 6.10 6.10 598.32 
SAND 17.37 23.47 580.95 
CLAY 34.75 58.22 546.20 
GRAVEL 5.79 64.01 540.41 
SAND 7.32 71.32 533.10 
CLAY 2.13 73.46 530.96 
151-89-1DAA WELL NO. 46 
V.ONSTAD LAT. 47.927 LONG. 102.000 
\ 
ELEV: 650.14 
' GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 650.14 
TOP SOIL 0.91 0.91 649.22 
CLAY 21.03 21.95 628.19 
FORT UNION GROUP: SAND 0.61 22.56 627.58 
SANDSTONE 2.74 25.30 624.84 
CLAY 0.61 25.91 624.23 
\ 
151-89-308881 WELL NO. 47 
WAHNER LAT. 47.876 LONG. 102.128 
ELEV: 660.50 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 660.50 
TOP SOIL 0.00 0.00 660.50 
CLAY 16.15 16.15 644.35 
FORT UNION GROUP: LIGNITE 0.30 16.46 644.04 
CLAY 1.52 17.98 642.52 
SHALE 11.89 29.87 630.63 
CLAY 3.66 33.53 626.97 
LIGNITE 1.22 34.75 625.75 
SHALE 0.91 35.66 624.84 
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,;, 
t 151-89-19CCC ,~t WELL NO. 49 
1 L.ERICKSON LAT. 47.877 LONG. 102.127 
ELEV: 658.37 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 658.37 
TOP SOIL 0.30 0.30 658.06 
CLAY 10.36 10.67 647.70 
FORT UNION GROUP: SHALE 5.79 16.46 641.91 
LIGNITE 0.30 16.76 641.60 
SHALE 0.91 17.68 640.69 
LIGNITE 0.30 17.98 640.38 
SHALE 10.67 28.65 629.72 
CLAY 2.44 31.09 627.28 
LIGNITE 0.91 32.00 626.36 
CLAY 0.91 32.92 625.45 
LIGNITE 0.61 33.53 624.84 
150-88-1 DDD WELL NO. 50 
USAF-4 LAT. 47.833 LONG. 101.873 
ELEV: 661.11 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 661.11 
TOP SOIL 0.30 0.30 660.81 
CLAY 5.64 5.94 655.17 
FORT UNION GROUP: SAND 25.30 31.24 629.87 
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150-88-1 BADO WELL NO. 51 
A.SLIND LAT. 47.813 LONG. 101.980 
ELEV: 619.05 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 619.05 
TOPSOIL 0.76 0.76 618.29 
FORT UNION GROUP: CLAY 12.95 13.72 605.33 
SAND 1.52 15.24 603.81 
CLAY 1.22 16.46 602.59 
LIGNITE 3.05 19.51 599.54 
CLAY 0.30 19.81 599.24 
150-89-25CBB WELL NO. 53 
P.PEISAR LAT. 47.782 LONG. 102.020 
ELEV: 597.10 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 597.10 
TOPSOIL 0.00 0.00 597.10 
CLAY 20.73 20.73 576.38 
SAND 1.22 21.95 575.16 
CLAY 1.83 23.77 573.33 
SAND 1.22 24.99 572.11 
FORT UNION GROUP: CLAY 0.30 25.30 571.80 
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150-89-33BCC WELL NO. 54 
MYERS LAT. 47.777 LONG. 102.085 
ELEV: 603.20 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 603.20 
TOP SOIL 0.00 0.00 603.20 
CLAY 34.75 34.75 568.45 
FORT UNION GROUP: SANDSTONE :3.05 37.80 565.40 
CLAY 5.18 42.98 560.22 
SILT 0.91 43.89 559.31 
CLAY 7.32 51.21 551.99 
SAND 3.66 54.86 548.34 
CLAY 3.05 57.91 545.29 
SAND 12.80 70.71 532.49 
151-89-33DDC WELL NO. 55 
ANERUD LAT. 47.849 LONG. 102.069 
ELEV: 652.88 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 652.88 
TOPSOIL 0.00 0.00 652.88 
CLAY 16.46 16.46 636.42 
FORT UNION GROUP: LIGNITE 0.91 17.37 635.51 
SHALE 2.44 19.81 633.07 
LIGNITE 0.61 20.42 632.46 
SHALE 7.01 27.43 625.45 
SAND 0.30 27.74 625.14 
SANDSTONE 9.45 37.19 615.70 
CLAY 1.22 38.40 614.48 
SANDSTONE 3.05 41.45 611.43 
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1 S0-90-32CDC WELL NO. 56 
J.FOOTE LAT. 47.762 LONG. 102.230 
ELEV: 622.40 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 622.40 
TOPSOIL 0.61 0.61 621.79 
SANDSTONE 4.57 5.18 617.22 
FORT UNION GROUP: CLAY 7.92 13.11 609.30 
LIGNITE 1.52 14.63 607.77 
CLAY 21.03 35.66 586.74 
SANDSTONE 8.84 44.50 577.90 
CLAY 14.63 59.13 563.27 
LIGNITE 3.05 62.18 560.22 
CLAY 1.83 64.01 558.39 
150-89-9CCC WELL NO. 57 
BRINKLEY LAT. 47.820 LONG. 102.085 
ELEV: 649.83 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 649.83 
TOPSOIL 0.61 0.61 649.22 
CLAY 20.73 21.34 628.50 
SAND 6.10 27.43 622.40 
CLAY 3.05 30.48 619.35 
FORT UNION GROUP: CLAY 7.92 38.40 611.43 
LIGNITE 2.44 40.84 608.99 
CLAY 13.41 54.25 595.58 
SANDSTONE 3.35 57.61 592.23 
CLAY 7.01 64.62 585.22 
LIGNITE 1.22 65.84 584.00 
CLAY 11.58 77.42 572.41 
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150-89-19CCD WELL NO. 58 
AVERY LAT. 47.791 LONG. 102.119 
ELEV: 625.75 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 625.75 
TOP SOIL 0.00 0.00 625.75 
CLAY 3.66 3.66 622.10 
SAND 3.35 7.01 618.74 
FORT UNION GROUP: SANDSTONE 7.92 14.94 610.82 
CLAY 1.83 16.76 608.99 
LIGNITE 1.22 17.98 607.77 
CLAY 3.05 21.03 604.72 
LIGNITE 0.91 21.95 603.81 
CLAY 1.22 23.16 602.59 
150-90-25DAD WELL NO. 59 
J.GRADY LAT. 47.781 LONG. 102.130 
ELEV: 610.21 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 610.21 
TOP SOIL 1.52 1.52 608.69 
GRAVEL 0.91 2.44 607.77 
SAND 4.88 7.32 602.89 
FORT UNION GROUP: SANDSTONE 29.87 37.19 573.02 
SAND 2.13 39.32 570.89 
LIGNITE 1.83 41.15 569.06 
CLAY 10.36 51.51 558.70 
LIGNITE 0.30 51.82 558.39 
CLAY 4.27 56.08 554.13 
547.12 
244 
150-90-28DDC WELL NO. 60 
L.HOLTAN LAT. 47.776 LONG. 102.205 
ELEV: 611.12 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 611.12 
TOPSOIL 3.05 3.05 608.08 
CLAY 6.10 9.14 601.98 
SAND 4.57 13.72 597.41 
CLAY 4.57 18.29 592.84 
SAND 8.53 26.82 584.30 
CLAY 2.13 28.96 582.17 
FORT UNION GROUP: SAND 7.62 36.58 574.55 
LIGNITE 0.91 37.49 573.63 
SAND 3.66 41.15 569.98 
CLAY 3.96 45.11 566.01 
LIGNITE 0.61 45.72 565.40 
SAND 35.05 80.77 530.35 
150-90-29ADA WELL NO. 61 
L.HOLTAN-2 LAT. 47.785 LONG. 102.216 
ELEV: 617.22 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 617.22 
TOP SOIL 0.61 0.61 616.61 
CLAY 11.58 12.19 605.03 
FORT UNION GROUP: SANDSTONE 10.67 22.86 594.36 
CLAY 19.81 42.67 574.55 
l LIGNITE 0.61 43.28 573.94 , 
SAND 2.44 45.72 571.50 
CLAY 5.79 51.51 565.71 
I 
i 
150-90-16CBB WELL NO. 62 
USBIA-1 LAT. 47.811 LONG. 102.214 
ELEV: 622.40 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 622.40 
TOP SOIL 0.91 0.91 621.49 
CLAY 16.46 17.37 605.03 
GRAVEL 1.22 18.59 603.81 
CLAY 6.71 25.30 597.10 
FORT UNION GROUP: CLAY 5.18 30.48 591.92 
LIGNITE 6.10 36.58 585.83 
SAND 19.81 56.39 566.01 
LIGNITE 0.61 57.00 565.40 
SAND 22.25 79.25 543.15 
LIGNITE 2.13 81.38 541.02 
SAND 18.29 99.67 522.73 
LIGNITE 0.61 100.28 522.12 
SAND 4.27 104.55 517.86 
LIGNITE 0.91 105.46 516.94 
CLAY 17.98 123.44 498.96 
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150-90-21 BC WELL NO. 63 
USBIA-2 LAT. 47.798 LONG. 102.124 
ELEV: 617.52 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 617.52 
TOP SOIL 0.00 0.00 617.52 
CLAY 53.34 53.34 564.18 
SAND 21.64 74.98 542.54 
CLAY 0.61 75.59 541.93 
SAND 7.62 83.21 534.31 
CLAY 4.57 87.78 529.74 
SAND 5.49 93.27 524.26 
GRAVEL 1.83 95.10 522.43 
150-90-22CCC WELL NO. 64 
KERZMAN LAT. 47:791 LONG. 102.192 
ELEV: 623.32 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 623.32 
TOPSOIL 1.22 1.22 622.10 
CLAY 11.58 12.80 610.51 
SAND 4.57 17.37 605.94 
CLAY 1.22 18.59 604.72 
FORT UNION GROUP: CLAY 10.36 28.96 594.36 
SAND 32.00 60.96 562.36 
LIGNITE 1.22 62.18 561.14 
SAND 20.12 82.30 541.02 
150-90-12BBB 1 WELL NO. 65 
W.CONKLIN LAT. 47.833 LONG. 102.150 
ELEV: 666.90 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 666.90 
TOP SOIL 0.61 0.61 666.29 
GRAVEL 5.49 6.10 660.81 
CLAY 7.01 13.11 653.80 
FORT UNION GROUP: SANDSTONE 37.49 50.60 616.31 
LIGNITE 1.22 51.82 615.09 
CLAY 3.05 54.86 612.04 
150-90-12DAA WELL NO. 66 
D.OLSON LAT. 47.826 LONG. 102.130 
ELEV: 660.50 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 660.50 
TOP SOIL 0.91 0.91 659.59 
CLAY 4.88 5.79 654.71 
FORT UNION GROUP: CLAY 16.46 22.25 638.25 
SANDSTONE 8.23 30.48 630.02 
CLAY 0.91 31.39 629.11 
SHALE 0.91 32.31 628.19 
SAND 0.30 32.61 627.89 
-- --- -----------------, 
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150-90-1 SACA WELL NO. ol 
M.NECKLACE LAT. 47.815 LONG. 102.134 
ELEV: 641.30 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 641.30 
TOP SOIL 0.00 0.00 641.30 
GRAVEL 1.83 1.83 639.47 
CLAY 5.49 7.32 633.98 
FORT UNION GROUP: CLAY 13.41 20.73 620.57 
SAND 4.27 24.99 616.31 
SANDSTONE 0.91 25.91 615.39 
CLAY 7.62 33.53 607.n 
LIGNITE 0.91 34.44 606.86 
SAND 4.57 39.01 602.28 
LIGNITE 1.22 40.23 601.07 
CLAY 7.01 47.24 594.06 
SAND 21.34 68.58 572.72 
LIGNITE 1.52 70.10 571.20 
CLAY 3.96 74.07 567.23 
LIGNITE 0.91 74.98 566.32 
CLAY 14.02 89.00 552.30 
SAND 3.96 92.96 548.34 
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151-88-8AAA WELL NO. 68 
USGS UP1 LAT. 47.920 LONG. 101.958 
ELEV: 645.57 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 645.57 
TOP SOIL 0.30 0.30 645.26 
SAND 0.91 1.22 644.35 
CLAY 17.68 18.90 626.67 
SAND 8.23 27.13 618.44 
FORT UNION GROUP: SHALE 3.66 30.78 614.78 
LIGNITE 1.22 32.00 613.56 
SHALE 4.57 36.58 608.99 
151-88-12ABB WELL NO. 69 
USGS UP2 LAT. 47.920 LONG. 101.882 
ELEV: 641.60 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 641.60 
TOPSOIL 0.30 0.30 641.30 
CLAY 30.48 30.78 610.82 
FORT UNION GROUP: SHALE 5.79 36.58 605.03 
151-88-29888 WELL NO. 70 
USGS UP3 LAT. 47.876 LONG. 101.982 
ELEV: 644.65 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 644.65 
TOPSOIL 0.30 0.30 644.35 
CLAY 10.97 11.28 633.37 
FORT UNION GROUP: SAND 7.62 18.90 625.75 
LIGNITE 0.61 19.51 625.14 
SHALE 4.88 24.38 620.27 
151-90-35BAA WELL NO. 71 
USGS UPS LAT. 47.862 LONG. 102.151 
ELEV: 665.07 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 665.07 
TOP SOIL 0.61 0.61 664.46 
CLAY 4.27 4.88 660.20 
SAND 6.10 10.97 654.10 
FORT UNION GROUP: SANDSTONE 10.36 21.34 643.74 
CLAY 11.58 32.92 632.16 
SANDSTONE 5.18 38.10 626.97 
SAND 6.10 44.20 620.88 
SHALE? 0.61 44.81 620.27 
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151-90-36DDA WELL NO. 72 
P.A.BROSTE LAT. 47.861 LONG. 102.162 
ELEV: 675.13 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 675.13 
TOPSOIL 0.00 0.00 675.13 
CLAY 9.14 9.14 665.99 
GRAVEL 0.61 9.75 665.38 
FORT UNION GROUP: SANDSTONE 8.84 18.59 656.54 
SHALE 5.79 24.38 650.75 
LIGNITE 0.30 24.69 650.44 
SHALE 6.40 31.09 644.04 
CLAY 1.83 32.92 642.21 
SANDSTONE 2.74 35.66 639.47 
151-90-26DDD WELL NO. 73 
G.E.SOLOMONSON LAT. 47.850 LONG. 102.129 
ELEV: 665.07 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 665.07 
TOP SOIL 0.00 0.00 665.07 
CLAY 10.67 10.67 654.41 
FORT UNION GROUP: SAND 14.02 24.69 640.38 
SHALE 8.23 32.92 632.16 
SAND 5.49 38.40 626.67 
SHALE 1.22 39.62 625.45 
SAND 1.22 40.84 624.23 
SHALE 1.83 42.67 622.40 
152-89-27 ABB WELL NO. 74 
NDSWC NDM13 LAT. 47.963 LONG. 102.052 
ELEV: 597.41 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 597.41 
TOP SOIL 0.00 0.00 597.41 
GRAVEL 2.44 2.44 594.97 
CLAY 7.32 9.75 587.65 
SAND 2.13 11.89 585.52 
CLAY 3.05 14.94 582.47 
FORT UNION GROUP: SHALE 1.22 16.15 581.25 
152-89-29DAD WELL NO. 75 
NDSWCNDM14 LAT. 47.954 LONG. 102.087 
ELEV: 592.84 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 592.84 
TOPSOIL 0.00 0.00 592.84 
GRAVEL 3.66 3.66 589.18 
CLAY 10.36 14.02 578.82 
GRAVEL 2.44 16.46 576.38 
CLAY 6.10 22.56 570.28 
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152-89-30BCC WELL NO. 76 
NDSWC NDM16 LAT. 47.957 LONG. 102.128 
ELEV: 591.62 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 591.62 
TOP SOIL 0.00 0.00 591.62 
CLAY 9.14 9.14 582.47 
SAND 1.22 10.36 581.25 
CLAY 2.13 12.50 579.12 
GRAVEL 1.52 14.02 577.60 
CLAY 1.52 15.54 576.07 
FORT UNION GROUP: SANDSTONE 3.66 19.20 572.41 
152-89-30CBC WELL NO. 77 
NDSWC NDM17 LAT. 47.952 LONG. 102.128 
ELEV: 587.35 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 587.35 
TOP SOIL 0.00 0.00 587.35 
SAND 1.22 1.22 586.13 
CLAY 6.40 7.62 579.73 
SAND 0.61 8.23 579.12 
CLAY 0.61 8.84 578.51 
SAND 1.52 10.36 576.99 
CLAY 1.52 11.89 575.46 
GRAVEL 0.91 12.80 574.55 
CLAY 7.62 20.42 566.93 
GRAVEL 0.61 21.03 566.32 
CLAY 2.13 23.16 564.18 
SAND 5.79 28.96 558.39 
FORT UNION GROUP: SHALE 3.05 32.00 555.35 
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152-89-30ACA WELL NO. 78 
NDSWC NDM15 LAT. 47.958 LONG. 102.115 
ELEV: 594.06 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 594.06 
TOPSOIL 0.61 0.61 593.45 
SAND 2.74 3.35 590.70 
GRAVEL 1.52 4.88 589.18 
CLAY 1.83 6.71 587.35 
SAND 2.13 8.84 585.22 
CLAY 10.06 18.90 575.16 
FORT UNION GROUP: SANDSTONE 0.91 19.81 574.24 
1 52-89-30DBA WELL NO. 79 
NDSWC NDM18 LAT. 47.956 LONG. 102.116 
ELEV: 589.18 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 589.18 
TOPSOIL 0.00 0.00 589.18 
SAND 1.83 1.83 587.35 
GRAVEL 1.52 3.35 585.83 
CLAY 1.83 5.18 584.00 
SAND 6.71 11.89 577.29 
FORT UNION GROUP: CLAY 7.32 19.20 569.98 
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152-89-30DDB WELL NO. 80 
NDSWC NDM19 LAT. 47.950 LONG. 102.110 
ELEV: 590.09 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 590.09 
TOP SOIL 0.00 0.00 590.09 
CLAY 15.24 15.24 574.85 
GHAVEL 3.35 18.59 571.50 
SAND 3.05 21.64 568.45 
CLAY 0.61 22.25 567.84 
l 
152-89-31 AAA WELL NO. 81 
NDSWCNDM20 LAT. 47.949 LONG. 102.109 
ELEV: 598.63 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 598.63 
TOP SOIL 1.83 1.83 596.80 
CLAY 6.40 8.23 590.40 
GRAVEL 5.49 13.72 584.91 
CLAY 2.44 16.15 582.47 
r 
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152-89-31 ABA WELL NO. 82 
NDSWC NDM21 LAT. 47.949 LONG. 102.114 
ELEV: 591.31 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 591.31 
TOPSOIL 0.61 0.61 590.70 
CLAY 14.02 14.63 576.68 
FORT UNION GROUP: CLAY-SHALE 4.57 19.20 572.11 
152-90-13CCC WELL NO. 83 
USGS UP12 LAT. 47.979 LONG. 102.150 
( ELEV: 626.97 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 626.97 
TOP SOIL 0.00 0.00 626.97 
CLAY 2.74 2.74 624.23 
SAND 4.88 7.62 619.35 
FORT UNION GROUP: SHALE 4.27 11.89 615.09 
LS? 0.61 12.50 614.48 
• 
\ SHALE 5.18 
17.68 609.30 
LIGNITE 2.44 20.12 606.86 
SHALE 14.63 34.75 592.23 





1 52-90-18CCC WELL NO. 84 
USGS UP13 LAT. 47.973 LONG. 102.255 
ELEV: 569.98 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 569.98 
TOP SOIL 0.30 0.30 569.67 
CLAY 19.20 19.51 550.47 
SAND 3.35 22.86 547.12 
CLAY 2.44 25.30 544.68 
SHALE 1.83 27.13 542.85 
\ 
SAND 1.83 28.96 541.02 
' 
152-90-24DDD WELL NO. 85 
NDSWCNDM24 LAT. 47.964 LONG. 102.129 
ELEV: 607.47 
GEOLOGIC SOURCE: MATERIAL 
{ THICKNESS DEPTH ELEV. 
( DRIFT: 0.00 0.00 607.47 
TOPSOIL 0.00 0.00 607.47 
CLAY 2.74 2.74 604.72 
• 
CLAY 3.35 6.10 601.37 
1 
SHALE 3.05 9.14 598.32 
CLAY 4.88 14.02 593.45 
SANDSTONE 3.66 17.68 589.79 




152-90-25ABD WELL NO. 86 
NDSWC NDM25 LAT. 47.960 LONG. 102.133 
ELEV: 605.33 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 605.33 
TOP SOIL 0.00 0.00 605.33 
CLAY 8.53 8.53 596.80 
CLAY 4.27 12.80 592.53 
SHALE 1.83 14.63 590.70 
LIGNITE 1.22 15.85 589.48 
SANDSTONE 3.96 19.81 585.52 
SHALE 1.22 21.03 584.30 
SAND 1.22 22.25 583.08 
SILTSTONE 2.74 24.99 580.34 
CLAY 2.74 27.74 577.60 
SHALE 2.74 30.48 574.85 
SANDSTONE 1.52 32.00 573.33 
152-90-26DDC WELL NO. 87 
NDSWCNDM1 LAT. 47.949 LONG. 102.153 
ELEV: 584.61 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 584.61 
TOP SOIL 0.00 0.00 584.61 
SAND 4.57 4.57 580.03 
I GRAVEL 0.61 5.18 579.42 
I CLAY 2.44 7.62 576.99 j SAND 3.96 11.58 573.02 FORT UNION GROUP: LIGNITE 2.44 14.02 570.59 CLAY 5.18 19.20 565.40 
j \ 
,, ,,1 
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152-90-27CAA WELL NO. 88 
NDSWCNDM2 LAT. 47.955 LONG. 102.183 
ELEV: 580.64 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 580.64 
TOP SOIL 0.00 0.00 580.64 
CLAY 16.15 16.15 564.49 
GRAVEL 0.61 16.76 563.88 
LIGNITE 0.61 17.37 563.27 
SHALE 2.13 19.51 561.14 
CLAY 5.49 24.99 555.65 
SANDSTONE 0.61 25.60 555.04 
' . I 
\ 152-90-29ADD WELL NO. 89 
NDSWC NDM3 LAT. 47.957 LONG. 102.216 
ELEV: 595.27 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 595.27 
TOP SOIL 0.00 0.00 595.27 
CLAY 20.73 20.73 574.55 
GRAVEL 1.83 22.56 572.72 
SAND 7.32 29.87 565.40 
SANDSTONE 0.61 30.48 564.79 
SAND 1.52 32.00 563.27 
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152-90-33BBC WELL NO. 90 
NDSWC NDM4 LAT. 47.945 LONG. 102.214 
ELEV: 582.17 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 582.17 
TOP SOIL 0.00 0.00 582.17 
GRAVEL 7.01 7.01 575.16 
CLAY 11.28 18.29 563.88 
SANDSTONE 0.61 18.90 563.27 
CLAY 0.30 19.20 562.97 
152-90-34BAB WELL NO. 91 
NDSWCNDM5 LAT. 47.946 LONG. 102.185 
ELEV: 581.86 
~ GEOLOGIC SOURCE: MATERIAL THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 581.86 
TOP SOIL 0.91 0.91 580.95 
CLAY 5.49 6.40 575.46 
GRAVEL 1.83 8.23 573.63 
SAND 1.83 10.06 571.80 
CLAY 9.14 19.20 562.66 
- -- ------------, 
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152-90-35BAC WELL NO. 92 
NDSWCNDM6 LAT. 47.947 LONG. 102.166 
ELEV:· 584.61 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
I 
DRIFT: 0.00 0.00 584.61 
TOPSOIL 0.00 0.00 584.61 · 
I 
! CLAY 3.35 3.35 581.25 
GRAVEL 2.13 5.49 579.12 
CLAY 13.41 18.90 565.71 
FORT UNION GROUP: SHALE 1.83 20.73 563.88 
SANDSTONE 1.83 22.56 562.05 
( 152-90-36AAA WELL NO. 93 
NDSWC NDM7 LAT. 47.949 LONG. 102.129 
ELEV: 588.87 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 588.87 
TOP SOIL 0.00 0.00 588.87 
CLAY 9.45 9.45 579.42 
GRAVEL 4.57 14.02 574.85 
FORT UNION GROUP: CLAY 5.18 19.20 569.67 
d ·~ 
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152-90-36ABB WELL NO. 94 
NDSWC NDM8 LAT. 47.948 LONG. 102.136 
ELEV: 584.61 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 584.61 
TOP SOIL 0.00 0.00 584.61 
CLAY 2.13 2.13 582.47 
GRAVEL 7.32 9.45 575.16 
CLAY 7.92 17.37 567.23 
GRAVEL 0.91 18.29 566.32 
FORT UNION GROUP: CLAY 13.72 32.00 552.60 . 
152-90-36000 WELL NO. . 95 
NDSWCNDM9 LAT. 47.936 LONG. 102.129 
ELEV: 602.59 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 602.59 
TOPSOIL 0.00 0.00 602.59 
CLAY 11.28 11.28 591.31 
FORT UNION GROUP: CLAY 6.40 17.68 584.91 
SHALE 1.52 19.20 583.39 
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152-91-13CCD WELL NO. 96 
NDSWC NDM10 LAT. 47.979 LONG. 102.275 
ELEV: 564.79 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 564.79 
TOP SOIL 0.00 0.00 564.79 
SAND 2.74 2.74 562.05 
CLAY 10.67 13.41 551.38 
GRAVEL 4.57 17.98 546.81 
CLAY 4.57 22.56 542.24 
FORT UNION GROUP: SHALE 3.05 25.60 539.19 
152-91-258BD WELL NO. 97 
NDSWC NDM11 LAT. 47.960 LONG. 102.274 
ELEV: 565.40 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 565.40 
TOP SOIL 0.00 0.00 565.40 
GRAVEL 2.44 2.44 562.97 
CLAY 12.19 14.63 550.77 
SAND 1.22 15.85 549.55 
GRAVEL 4.88 20.73 544.68 




152-88-1 ODDD WELL NO. 99 
USGS UP6 LAT. 47.649 LONG. 102.135 
ELEV: 620.27 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 620.27 
TOP SOIL 0.00 0.00 620.27 
GRAVEL 1.52 1.52 618.74 
CLAY 5.18 6.71 613.56 
FORT UNION GROUP: SILT 4.27 10.97 609.30 
SHALE 1.22 12.19 608.08 
152-88-22AAA WELL NO. 100 
USGS UPS LAT. 47.992 LONG. 101.914 
ELEV: 635.51 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 635.51 
TOP SOIL 0.30 0.30 635.20 
CLAY 17.37 17.68 617.83 
GRAVEL 1.22 18.90 616.61 
CLAY 4.27 23.16 612.34 
GRAVEL 2.13 25.30 610.21 
CLAY 2.74 28.04 607.47 
FORT UNION GROUP: SAND 1.83 29.87 605.64 
SHALE 2.13 32.00 603.50 
LIGNITE 1.22 33.22 602.28 




150-90-16ccc WELL NO. 101 
NDSWC3611 LAT. 47.805 LONG. 102.213 
ELEV: 620.88 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 620.88 
TOP SOIL 0.61 0.61 620.27 
GRAVEL 1.22 1.83 619.05 
CLAY.SANDY 1.22 3.05 617.83 
SAND 2.13 5.18 615.70 
CLAY-TILL 17.07 22.25 598.63 
SILT 4.57 26.82 594.06 
CLAY 40.23 67.06 553.82 
SAND 16.76 83.82 537.06 
CLAY 1.83 85.65 535.23 
SAND 15.54 101.19 519.68 
CLAY 0.91 102.11 518.77 
GRAVEL 7.01 109.12 511.76 
FORT UNION GROUP: SHALE 7.32 116.43 504.44 
LIGNITE 0.61 117.04 503.83 
SHALE 4.88 121.92 498.96 
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150-89-32DAA WELL NO. 102 
NDSWC 5557 LAT. 47.769 LONG. 102.086 
ELEV: 601.07 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 601.07 
TOPSOIL 0.30 0.30 600.76 
CLAY 21.03 21.34 579.73 
GRAVEL 1.83 23.16 577.90 
CLAY 34.44 57.61 543.46 
GRAVEL 12.80 70.41 530.66 
FORT UNION GROUP: SANDSTONE 0.91 71.32 529.74 
150-90· 17 ·CCC WELL NO. 103 
NDSWC4072 LAT. 47.805 LONG. 102.235 
ELEV: 606.55 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 606.55 
TOPSOIL 0.61 0.61 605.94 
CLAY 21.34 21.95 584.61 
GRAVEL 2.74 24.69 581.86 
SILT 8.84 33.53 573.02 
CLAY 4.88 38.40 568.15 
SAND 13.41 51.82 554.74 
GRAVEL 37.80 89.61 516.94 
FORT UNION GROUP: LIGNITE 3.66 93.27 513.28 




150-90-25DAA WELL NO. 104 
NDSWC 4068 LAT. 47.782 LONG. 102.129 
ELEV: 610.51 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 610.51 
TOPSOIL 0.30 0.30 610.21 
CLAY 3.35 3.66 606.86 
FORT UNION GROUP: SHALE 3.66 7.32 603.20 
SAND 1.83 9.14 601.37 
SHALE 3.66 12.80 597.71 
SAND 28.04 40.84 569.67 
SILTSTONE 26.52 67.36 543.15 
SANDSTONE 10.06 77.42 533.10 
SHALE 1.83 79.25 531.27 
LIGNITE 1.83 81.08 529.44 
SAND 2.44 83.52 527.00 
SILTSTONE 3.66 87.17 523.34 
LIGNITE 0.91 88.09 522.43 
SILTSTONE 3.35 91.44 519.07 
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150-89-31 sec WELL NO. 105 
NDSWC4069 LAT. 47.768 LONG. 102.128 
ELEV: 598.93 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 598.93 
TOP SOIL 0.91 0.91 598.02 
CLAY 42.06 42.98 555.96 
SAND 16.46 59.44 539.50 
CLAY 3.05 62.48 536.45 
GRAVEL 1.52 64.01 534.92 
CLAY 4.27 68.28 530.66 
GRAVEL 26.21 94.49 504.44 
FORT UNION GROUP: SILTSTONE 3.35 97.84 501.09 
SANDSTONE 7.32 105.16 493.78 
SILTSTONE 2.13 107.29 491.64 
SHALE 2.44 109.73 489.20 
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£1, 
150-90-36AAA WELL NO. c~ 106 ?~~ 
-~--· }L NDSWC 4071 LAT. 47.774 LONG. 102.129 
.. 
ELEV: 608.69 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 608.69 
TOPSOIL 0.61 0.61 608.08 
SILT 4.57 5.18 603.50 
CLAY 9.45 14.63 594.06 
GRAVEL 3.66 18.29 590.40 
CLAY 11.89 30.18 578.51 
SILT 3.96 34.14 574.55 
CLAY 1.83 35.97 572.72 
GRAVEL 68.58 104.55 504.14 
FORT UNION GROUP: SHALE 3.05 107.59 501.09 
SANDSTONE 8.23 115.82 492.86 
149-87-30ADD WELL NO. 107 
NDSWC 5561 LAT. 47.696 LONG. 101.850 
ELEV: 609.60 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 609.60 
TOPSOIL 0.61 0.61 608.99 
CLAY 64.01 64.62 544.98 
SAND 0.91 65.53 544.07 
CLAY 24.38 89.92 519.68 
FORT UNION GROUP: SHALE 7.62 97.54 512.06 
- ------------------------
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149-87-32CCC WELL NO. 108 
NDSWC 3622 LAT. 47.674 LONG. 101.849 
ELEV: 610.21 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 610.21 
TOP SOIL 0.30 0.30 609.90 
CLAY 3.35 3.66 606.55 
SAND 9.45 13.11 597.10 
SILT 26.82 39.93 570.28 
CLAY 16.46 56.39 553.82 
GRAVEL 3.35 59.74 550.47 
CLAY 3.05 62.79 547.42 
GRAVEL 24.69 87.48 522.73 
CLAY 7.92 95.40 514.81 
GRAVEL 27.74 123.14 487.07 
SAND 2.44 125.58 484.63 
FORT UNION GROUP: SHALE 5.79 131.37 478.84 
LIGNITE 1.52 132.89 477.32 
SHALE 1.22 134.11 476.10 
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149-88-19BCC WELL NO. 109 
NDSWC4046 LAT. 47.711 LONG. 101.999 
ELEV: 599.85 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 599.85 
TOPSOIL 0.30 0.30 599.54 
CLAY 20.42 20.73 579.12 
SAND 24.99 45.72 554.13 
GRAVEL 4.88 50.60 549.25 
SAND 20.12 70.71 529.13 
CLAY 24.38 95.10 504.75 
FORT UNION GROUP: SILTSTONE 0.61 95.71 504.14 
SANDSTONE 1.83 97.54 502.31 
SILTSTONE 1.22 98.76 501.09 
SHALE 3.35 102.11 497.74 







:;:; 149-88--35ABB WELL NO. 110 
,:i 
NDSWC5560 LAT. 47.688 LONG. 101.903 
ELEV: 617.22 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 617.22 
TOPSOIL 0.30 0.30 616.92 
SAND 2.44 2.74 614.48 
CLAY 10.36 13.11 604.11 
SILT 1.52 14.63 602.59 
CLAY 10.67 25.30 591.92 
SAND 3.35 28.65 588.57 
CLAY 3.05 31.70 585.52 
SILT 1.52 33.22 584.00 
CLAY 5.79 39.01 578.21 
SAND 1.52 40.54 576.68 
CLAY 49.38 89.92 527.30 
GRAVEL 1.52 91.44 525.78 
CLAY 0.61 92.05 525.17 
GRAVEL 3.35 95.40 521.82 
CLAY 4.27 99.67 517.55 
GRAVEL 3.05 102.72 514.50 
CLAY 18.29 121.01 496.21 
FORT UNION GROUP: SANDSTONE 0.91 121.92 495.30 
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149-88-36AAA WELL NO. 111 
NDSWC3623 LAT 47.688 LONG. 101.872 
ELEV: 605.33 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 605.33 
TOP SOIL 0.30 0.30 605.03 
SILT 3.05 3.35 601.98 
CLAY 49.07 52.43 552.91 
SILT 22.25 74.68 530.66 
GRAVEL 8.23 82.91 522.43 
FORT UNION GROUP: SHALE 6.10 89.00 516.33 
SAND 2.44 91.44 513.89 
149-89-2888 WELL NO. 112 
NDSWC 5556 LAT. 47.760 LONG. 102.042 
ELEV: 591.92 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 591.92 
TOP SOIL 0.30 0.30 591.62 
CLAY 14.02 14.33 577.60 
GRAVEL 67.97 82.30 509.63 
CLAY 6.40 88.70 503.22 
FORT UNION GROUP: SANDSTONE 0.61 89.31 502.62 
SHALE 3.66 92.96 498.96 
149-89--2DAD WELL NO. 113 
NDSWC 2842 LAT. 47.751 LONG. 102.022 
ELEV: 573.33 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 573.33 
TOP SOIL 0.30 0.30 573.02 
GRAVEL 0.91 1.22 572.11 
CLAY 19.51 20.73 552.60 
SAND 3.66 24.38 548.94 
CLAY 56.69 81.08 492.25 
GRAVEL 2.13 83.21 490.12 
CLAY 6.71 89.92 483.41 
SAND 1.52 91.44 481.89 
CLAY 10.97 102.41 470.92 
FORT UNION GROUP: SANDSTONE 7.32 109.73 463.60 
149--89--8CBC WELL NO. 114 
NDSWC3612 LAT. 47.736 LONG. 102.107 
ELEV: 567.54 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 567.54 
TOP SOIL 0.30 0.30 567.23 
SAND 1.52 1.83 565.71 
GRAVEL 2.13 3.96 563.58 
FORT UNION GROUP: CLAY 2.13 6.10 561.44 
SAND 3.05 9.14 558.39 
CLAY 0.61 9.75 557.78 
SAND 10.67 20.42 547.12 







149-89-98AB WELL NO. 115 f 





l GEOLOGIC SOURCE: MATERIAL 
' 
' t 1 THICKNESS DEPTH ELEV. 
t DRIFT: 0.00 0.00 579.73 
~ TOP SOIL 0.30 0.30 579.42 
' 
' CLAY 19.20 19.51 560.22 i
I GRAVEL 5.49 24.99 554.74 
i. 
t FORT UNION GROUP: SANDSTONE 5.49 30.48 549.25 
' 
149-89-1 OAAA WELL NO. 116 
NDSWC3613 LAT. 47.746 LONG. 102.043 
ELEV: 574.55 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 574.55 
TOPSOIL 0.30 0.30 574.24 
GRAVEL 2.13 2.44 572.11 
SILT 2.44 4.88 569.67 
SAND 2.13 7.01 567.54 
CLAY 46.94 53.95 520.60 
GRAVEL 2.74 56.69 517.86 
CLAY 5.49 62.18 512.37 
GRAVEL 3.66 65.84 508.71 
FORT UNION GROUP: SHALE 3.96 69.80 504.75 
SILT 1.83 71.63 502.92 
SAND 1.52 73.15 501.40 
SANDSTONE 1.83 74.98 499.57 





149-89-13AAA WELL NO. 117 
NDSWC4067 LAT. 47.732 LONG. 102.000 
ELEV: 598.32 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 598.32 
TOP SOIL 0.61 0.61 597.71 
CLAY 6.10 6.71 591.62 
SILT 6.71 13.41 584.91 
CLAY 8.53 21.95 576.38 
SILT 9.14 31.09 567.23 
CLAY 16.76 47.85 550.47 
GRAVEL 1.83 49.68 548.64 
CLAY 2.44 52.12 546.20 
SAND 2.13 54.25 544.07 
CLAY 3.05 57.30 541.02 
SAND 12.50 69.80 528.52 
CLAY 52.12 121.92 476.40 
FORT UNION GROUP: SHALE 1.83 123.75 474.57 
SANDSTONE 1.83 125.58 472.74 
SHALE 2.44 128.02 470.31 
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149-89-13DAA WELL NO. 118 
NDSWC4049 LAT. 47.724 LONG. 102.000 
ELEV: 597.41 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 597.41 
TOP SOIL 0.61 0.61 596.80 
CLAY 2.13 2.74 594.66 
SAND 1.83 4.57 592.84 
CLAY 1.83 6.40 591.01 
SAND 5.18 11.58 585.83 
CLAY 7.92 19.51 577.90 
SAND 3.66 23.16 574.24 
SILT 7.32 30.48 566.93 
CLAY 27.74 58.22 539.19 
GRAVEL 7.62 65.84 531.57 
CLAY 46.02 111.86 485.55 
FORT UNION GROUP: SILTSTONE 0.61 112.47 484.94 
LIGNITE 0.91 113.39 484.02 
SAND 3.96 117.35 480.06 
LIGNITE 0.30 117.65 479.76 
SHALE 4.27 121.92 475.49 
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149-89-15AAA WELL NO. 119 
NDSWC 5555 LAT. 47.731 LONG. 102.043 
ELEV: 588.26 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 588.26 
TOP SOIL 0.30 0.30 587.96 
CLAY 42.37 42.67 545.59 
SAND 6.40 49.07 539.19 
CLAY 24.69 73.76 514.50 
GRAVEL 4.27 78.03 510.23 
CLAY 3.96 81.99 506.27 
GRAVEL 1.52 83.52 504.74 
FORT UNION GROUP: SANDSTONE 7.92 91.44 496.82 
149-89-15DDC WELL NO. 120 
NDSWC 5574 LAT. 47.718 LONG. 102.047 
ELEV: 592.84 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 592.84 
TOP SOIL 0.30 0.30 592.53 
CLAY 41.15 41.45 551.38 
SANDSTONE 1.22 42.67 550.16 
GRAVEL 0.91 43.59 549.25 
CLAY 0.91 44.50 548.34 
GRAVEL 4.88 49.38 543.46 








149-89-24AAA WELL NO. 121 
NDSWC4048 LAT. 47.717 LONG. 102.000 
ELEV: 596.49 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 596.49 
TOPSOIL 0.30 0.30 596.19 
CLAY 5.18 5.49 591.01 
SAND 2.44 7.92 588.57 
CLAY 3.05 10.97 585.52 
SHALE 2.44 13.41 583.08 
SAND 2.44 15.85 580.64 
1 I SILT 4.27 20.12 576.38 SAND 5.79 25.91 570.59 
l CLAY 3.35 29.26 567.23 
SAND 27.13 56.39 540.11 
CLAY 2.44 58.83 537.67 
SAND 1.83 60.66 535.84 
CLAY 2.44 63.09 533.40 
SAND 16.15 79.25 517.25 
CLAY 0.61 79.86 516.64 
GRAVEL 1.52 81.38 515.11 
CLAY 1.83 83.21 513.28 
GRAVEL 3.05 86.26 510.24 
CLAY 6.40 92.66 503.83 
GRAVEL 1.83 94.49 502.01 
CLAY 1 83 96.32 500.18 
GRAVEL 1.83 98.15 498.35 
CLAY 6.10 104.24 492.25 
FORT UNION GROUP: SHALE 3.35 107.59 488.90 
LIGNITE 0.91 108.51 487.98 







149-89-25AAA WELL NO. 122 
NDSWC 5559 LAT. 47.703 LONG. 102.000 
ELEV' 603.50 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 603.50 
TOPSOIL 0.30 0.30 603.20 
CLAY 93.88 94.18 509.32 
FORT UNION GROUP: SHALE 3.35 97.54 505.97 
149-89-25ADD WELL NO. 123 
NDSWC4047 LAT. 47.696 LONG. 102.000 
ELEV: 608.38 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 608.38 
TOPSOIL 0.30 0.30 608.08 
SILT 1.22 1.52 606.86 
CLAY 12.80 14.33 594.06 
FORT UNION GROUP: SHALE 1.22 15.54 592.84 
SANDSTONE 14.94 30.48 577.90 
SHALE 3.05 33.53 574.85 
LIGNITE 0.91 34.44 573.94 





149-90-1 AAA WELL NO. 124 
NDSWC4070 LAT. 47.761 LONG. 102.129 
ELEV: 601.98 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 601.98 
TOPSOIL 0.30 0.30 601.68 
GRAVEL 0.91 1.22 600.76 
CLAY 12.80 14.02 587.96 
SILT 27.13 41.15 560.83 
CLAY 7.62 48.77 553.21 
COBS 1.83 50.60 551.38 
FORT UNION GROUP: SANDSTONE 10.36 60.96 541.02 
148-88-11 AAA WELL NO. 125 
NDSWC 5562 LAT. 47.660 LONG. 101.844 
ELEV: 608.08 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 608.08 
TOPSOIL 0.30 0.30 607.n 
CLAY 55.17 55.47 552.60 
FORT UNION GROUP: SHALE 5.49 60.96 547.12 
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148-88-5ABA WELL NO. 126 
NDSWC 3624 LAT. 47.674 LONG. 101.913 
ELEV: 620.57 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 620.57 
TOPSOIL 0.30 0.30 620.27 
SAND 1.22 1.52 619.05 
CLAY 2.13 3.66 616.92 
SAND 1.83 5.49 615.09 
CLAY 16.46 21.95 598.63 
SAND 3.66 25.60 594.97 
CLAY 4.88 30.48 590.09 
GRAVEL 6.71 37.19 583.39 
CLAY 4.27 41.45 579.12 
SILT 12.80 54.25 566.32 
CLAY 27.74 81.99 538.58 
GRAVEL 5.49 87.48 533.10 
FORT UNION GROUP: SAND 2.74 90.22 530.35 
SHALE 5.18 95.40 525.17 
LIGNITE 0.91 96.32 524.26 
CLAY 1.22 97.54 523.04 
I 
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148-87-6DCC WELL NO. 127 
NDSWC 2839 LAT. 47.661 LONG. 101.810 
ELEV: 597.41 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 597.41 
TOPSOIL 0.30 0.30 597.10 
CLAY 1.52 1.83 595.58 
GRAVEL 0.91 2.74 594.66 
CLAY 17.37 20.12 577.29 
SAND 1.83 21.95 575.46 
CLAY 47.55 69.49 527.91 
FORT UNION GROUP: SHALE 3.66 73.15 524.26 
148-87-7AAA2 WELL NO. 128 
NDSWC 3626 LAT. 47.660 LONG. 101.801 
ELEV: 599.24 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 599.24 
TOP SOIL 0.30 0.30 598.93 
CLAY 3.05 3.35 595.88 
SAND 5.79 9.14 590.09 
CLAY 22.56 31.70 567.54 
GRAVEL 1.52 33.22 566.01 
CLAY 19.20 52.43 546.81 
GRAVEL 8.53 60.96 538.28 
CLAY 1.52 62.48 536.75 
GRAVEL 51.21 113.69 485.55 
FORT UNION GROUP: SHALE 3.35 117.04 482.19 
SAND 7.32 124.36 474.88 
SHALE 3.66 128.02 471.22 
I 
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148-88-10CDD WELL NO. 129 
NDSWC3621 LAT. 47.647 LONG. 101.876 
ELEV: 611.12 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 611.12 
TOP SOIL 0.61 0.61 610.51 
SILT 4.88 5.49 605.64 
CLAY 2.13 7.62 603.50. 
FORT UNION GROUP: SHALE 1.52 9.14 601.98 
LIGNITE 0.91 10.06 601.07 
SHALE 2.13 12.19 598.93 
148-89-20CBB WELL NO. 130 
NDSWC 5552 LAT. 47.624 LONG. 102.056 
ELEV: 615.09 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 615.09 
TOPSOIL 0.30 0.30 614.78 
CLAY 7.01 7.32 607.77 
SAND 1.52 8.84 606.25 
GRAVEL 1.22 10.06 605.03 
CLAY 8.23 18.29 596.80 
SAND 4.57 22.86 592.23 
FORT UNION GROUP: SANDSTONE 7.62 30.48 584.61 
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148-90-6000 WELL NO. 131 
NDSWC 5576 LAT. 47.662 LONG. 102.185 
ELEV: 614.17 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 614.17 
TOPSOIL 0.30 0.30 613.87 
CLAY 8.53 8.84 605.33 
FORT UNION GROUP: SANDSTONE 12.19 21.03 593.14 
SILTSTONE 3.35 24.38 589.79 
149-87-6DCC WELL NO. 132 
NDSWC3616 LAT. 47.747 LONG. 101.859 
ELEV: 635.51 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 635.51 
TOPSOIL 0.00 0.00 635.51 
SILT 3.05 3.05 632.46 
CLAY 13.72 16.76 618.74 
FORT UNION GROUP: SANDSTONE 0.91 17.68 617.83 
SHALE 0.91 18.59 616.92 
LIGNITE 1.22 19.81 615.70 
SHALE 0.91 20.73 614.78 
SAND 1.22 21.95 613.56 
SHALE 2.44 24.38 611.12 
286 
149-87-20889 WELL NO. 133 
NDSWC5571 LAT. 47.717 LONG. 101.849 
ELEV: 630.94 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 630.94 
TOPSOIL 0.30 0.30 630.63 
CLAY 7.62 7.92 623.01 
FORT UNION GROUP: SHALE 2.74 10.67 620.27 
LIGNITE 2.13 12.80 618.13 
SAND 5.49 18.29 612.65 
149-88-27888 WELL NO. 134 
NDSWC3625 LAT. 47.702 LONG. 101.935 
ELEV: 595.88 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 595.88 
TOP SOIL 0.30 0.30 595.58 
SILT 1.22 1.52 594.36 
CLAY 11.28 12.80 583.08 
FORT UNION GROUP: SHALE 5.49 18.29 577.60 
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149-89-368882 WELL NO. 135 
NDSWC 2840 LAT. 47.688 LONG. 102.021 
ELEV:· 620.57 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 620.57 
TOP SOIL 0.30 0.30 620.27 
CLAY 11.89 12.19 608.38 
FORT UNION GROUP: SANDSTONE 10.97 23.16 597.41 
149-90-280DD WELL NO. 136 
NDSWC 5575 LAT. 47.689 LONG. 102.193 
ELEV: 579.12 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 579.12 
TOP SOIL 0.30 0.30 578.82 
CLAY 13.72 14.02 565.10 
FORT UNION GROUP: SANDSTONE 4.27 18.29 560.83 
r 
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149-90-34CCC WELL NO. 137 
NDSWC 5553 LAT. 47.675 LONG. 102.192 
ELEV: 593.14 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 593.14 
TOPSOIL 0.30 0.30 592.84 
CLAY 49.68 49.99 543.15 
SILT 6.10 56.08 537.06 
CLAY 51.82 107.90 485.24 
GRAVEL 3.35 111.25 481.89 
FORT UNION GROUP: SHALE 4.57 115.82 477.32 
150-88-16CCD WELL NO. 138 
NDSWC3614 LAT. 47.805 LONG. 101.952 
ELEV: 606.55 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 606.55 
TOPSOIL 0.00 0.00 606.55 
FILL 3.66 3.66 602.89 
GRAVEL 3.35 7.01 599.54 
SILT 5.79 12.80 593.75 
CLAY 1.52 14.33 592.23 
SILT 1.83 16.15 590.40 
CLAY 4.57 20.73 585.83 
SILT 18.29 39.01 567.54 
GRAVEL 3.35 42.37 564.18 
FORT UNION GROUP: SHALE 6.40 48.77 557.78 
- -- -- -----------------, 
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150-88-24CCC WELL NO. 139 
NDSWC 2844 LAT. 47.790 LONG. 101.892 
ELEV: 634.90 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 634.90 
TOPSOIL 0.30 0.30 634.59 
GRAVEL 0.91 1.22 633.68 
CLAY 10.97 12.19 622.71 
FORT UNION GROUP: SHALE 3.96 16.15 618.74 
LIGNITE 2.13 18.29 616.61 
SHALE 6.10 24.38 610.51 
150-88-280DD WELL NO. 140 
NDSWC3615 LAT. 47.776 LONG. 101.936 
ELEV: 606.55 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 606.55 
TOPSOIL 0.61 0.61 605.94 
CLAY 0.91 1.52 605.03 
GRAVEL 3.66 5.18 601.37 
CLAY 0.91 6.10 600.46 
GRAVEL 1.22 7.32 599.24 
CLAY 2.13 9.45 597.10 
SILT 4.88 14.33 592.23 
FORT UNION GROUP: SHALE 5.79 20.12 586.44 
SAND 4.27 24.38 582.17 
- -- -- - ---------------, 
290 
150-88-29CDC WELL NO. 141 
NDSWC2843 LAT. 47.n6 LONG. 101.972 
ELEV: 591.31 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 591.31 
TOPSOIL 0.30 0.30 591.01 
SAND 2.13 2.44 588.87 
CLAY 15.85 18.29 573.02 
SAND 1.52 19.81 571.50 
CLAY 22.86 42.67 548.64 
GRAVEL 1.22 43.89 547.42 
FORT UNION GROUP: SHALE 4.88 48.77 542.54 
SANDSTONE 2.74 51.51 539.80 
SHALE 3.35 54.86 536.45 
150-89-26AAA WELL NO. 142 
NDSWC5558 LAT. 47.790 LONG. 102.022 
ELEV: 598.93 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 598.93 
TOP SOIL 0.30 0.30 598.63 
CLAY 5.79 6.10 592.84 
SAND 4.27 10.36 588.57 
CLAY 10.06 20.42 578.51 
SAND 0.91 21.34 577.60 
CLAY 1.83 23.16 575.77 







1 50-89-34AAA WELL NO. 143 
NDSWC5572 LAT. 47.775 LONG. 102.044 
ELEV: 589.18 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 589.18 
TOPSOIL 0.30 0.30 588.87 
CLAY 11.89 12.19 576.99 
FORT UNION GROUP: SHALE 6.10 18.29 570.89 
151-87-888 WELL NO. 144 
USAF WARD1 LAT. 47.920 LONG. 101.848 
ELEV: 648.00 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 648.00 
TOPSOIL 0.00 0.00 648.00 
CLAY 22.56 22.56 625.45 
SAND 3.35 25.91 622.10 
SILT 4.88 30.78 617.22 
-- - -- -·----------------. 
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152-87-17CCC WELL NO. 145 
USGS 3197 LAT. 47.978 LONG. 101.849 
ELEV: 637.03 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 0.00 637.03 
TOPSOIL 0.00 0.00 637.03 
CLAY 25.60 25.60 611.43 
GRAVEL 0.61 26.21 610.82 
CLAY 1.52 27.74 609.30 
SAND 7.01 34.75 602.28 
GRAVEL 1.22 35.97 601.07 
FORT UNION GROUP: SHALE 5.18 41.15 595.88 
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150-92-14A8D WELL NO. 200 
AFT-2 LAT. 47.816 LONG. 102.415 
ELEV: 593.14 
GEOLOGIC SOURCE: MATERIAL THICKNESS DEPTH ELEV. 
DRIFT: 0.00 593.14 
TOP SOIL 0.00 0.00 593.14 
GRAVEL 4.57 4.57 588.57 
CLAY 12.19 16.76 576.38 
FORT UNION GROUP: LIGNITE 0.61 17.37 575.77 
CLAY 13.11 30.48 562.66 
SILT 4.57 35.05 558.09 
CLAY 9.14 44.20 548.94 
LIGNITE 1.52 45.72 547.42 
CLAY 9.14 54.86 538.28 
SAND 6.10 60.96 532.18 
LIGNITE 1.52 62.48 530.66 
CLAY 8.53 71.02 522.12 
LIGNITE 0.61 71.63 521.51 
CLAY 3.05 74.68 518.46 
SAND 3.05 77.72 515.42 
LIGNITE 2.44 80.16 512.98 
CLAY 1.22 81.38 511.76 
LIGNITE 0.91 82.30 510.84 
CLAY 16.76 99.06 494.08 
LIGNITE 4.57 103.63 489.51 
CLAY 1.52 105.16 487.98 
SAND 10.67 115.82 477.32 
LIGNITE 1.52 117.35 475.79 
CLAY 3.05 120.40 472.74 
SAND 3.05 123.44 469.70 
LIGNITE 1.52 124.97 468.17 
CLAY 1.52 126.49 466.65 
SAND 1.52 128.02 465.12 
CLAY 4.57 132.59 460.55 
LIGNITE 4.57 137.16 455.98 
SAND 7.92 145.08 448.06 
CLAY 1.22 146.30 446.84 
LIGNITE 1.52 147.83 445.31 
CLAY 2.13 149.96 443.18 
LIGNITE 2.44 152.40 440.74 
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150-92-2ABA WELL NO. 201 
AFT-1 LAT. 47.816 LONG. 102.415 
ELEV: 589.18 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 589.18 
TOPSOIL 0.61 0.61 588.57 
GRAVEL 0.91 1.52 587.65 
CLAY 19.81 21.34 567.84 
SAND 10.36 31.70 557.48 
CLAY 1.83 33.53 555.65 
FORT UNION GROUP: LIGNITE 1.52 35.05 554.13 
SAND 3.05 38.10 551.08 
LIGNITE 1.52 39.62 549.55 
SAND 0.91 40.54 548.64 
CLAY 1.22 41.76 547.42 
LIGNITE 0.91 42.67 546.51 
CLAY 2.74 45.42 543.76 
SAND 10.97 56.39 532.79 
LIGNITE 1.52 57.91 531.27 
SAND 3.05 60.96 528.22 
CLAY 10.06 71.02 518.16 
LIGNITE 0.61 71.63 517.55 
CLAY 28.35 99.97 489.20 
LIGNITE 5.18 105.16 484.02 
CLAY 6.71 111.86 477.32 
LIGNITE 0.91 112.78 476.40 
CLAY 2.13 114.91 474.27 
LIGNITE 0.91 115.82 473.35 
CLAY 2.44 118.26 470.92 
LIGNITE 0.61 118.87 470.31 
CLAY 0.91 119.79 469.39 
LIGNITE 0.61 120.40 468.78 








1 50-93-11 BAA WELL NO. 202 
AFT-6 LAT. 47.833 LONG. 102.547 
ELEV: 676.66 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 676.66 
TOP SOIL 0.91 0.91 675.74 
CLAY 9.14 10.06 666.60 
FORT UNION GROUP: LIGNITE 1.83 11.89 664.77 
CLAY 18.59 30.48 646.18 
SAND 10.67 41.15 635.51 
CLAY 3.05 44.20 632.46 
LIGNITE 3.05 47.24 629.41 
CLAY 12.19 59.44 617.22 
SAND 3.05 62.48 614.17 
CLAY 2.44 64.92 611.73 
LIGNITE 0.61 65.53 611.12 
CLAY 4.57 70.10 606.55 
LIGNITE 0.61 70.71 605.94 
CLAY 0.91 71.63 605.03 
LIGNITE 0.91 72.54 604.11 
CLAY 9.45 81.99 594.66 
LIGNITE 0.30 82.30 594.36 
CLAY 21.03 103.33 573.33 
LIGNITE 0.30 103.63 573.02 
CLAY 9.14 112.78 563.88 
LIGNITE 1.52 114.30 562.36 




150-93-1DDA WELL NO. 203 
AFT-3 LAT. 47.836 LONG. 102.514 
ELEV: 664.16 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 664.16 
TOP SOIL 0.91 0.91 663.24 
CLAY 3.66 4.57 659.59 
SAND 18.29 22.86 641.30 
FORT UNION GROUP: LIGNITE 1.52 24.38 639.78 
CLAY 16.76 41.15 623.01 
SAND 23.47 64.62 599.54 
LIGNITE 0.91 65.53 598.63 
CLAY 1.52 67.06 597.10 
LIGNITE 1.52 68.58 595.58 
SAND 1.52 70.10 594.06 
CLAY 7.62 77.72 586.44 
SAND 16.76 94.49 569.67 
LIGNITE 1.52 96.01 568.15 






150-93-2ADC WELL NO. 204 
AFT-4 LAT. 47.841 LONG. 102.540 
ELEV: 684.28 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 684.28 
TOPSOIL 0.91 0.91 683.36 
CLAY 8.23 9.14 675.13 
SAND 3.05 12.19 672.08 
FORT UNION GROUP: LIGNITE 0.30 12.50 671.78 
SAND 5.49 17.98 666.29 
LIGNITE 1.22 19.20 665.07 
CLAY 16.15 35.36 648.92 
LIGNITE 1.22 36.58 647.70 
CLAY 7.92 44.50 639.78 
LIGNITE 2.44 46.94 637.34 
CLAY 39.32 86.26 598.02 
LIGNITE 2.13 88.39 595.88 
CLAY 30.48 118.87 565.40 
SAND 4.57 123.44 560.83 
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150-93-2CBB WELL NO. 205 
AFT-5 LAT. 47.840 LONG. 102.556 
ELEV: 658.37 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT; 0.00 658.37 
TOP SOIL 0.91 0.91 657.45 
CLAY 22.56 23.47 634.90 
FOAT UNION GROUP: LIGNITE 0.91 24.38 633.98 
CLAY 27.43 51.82 606.55 
LIGNITE 0.91 52.73 605.64 
CLAY 17.37 70.10 588.26 
SAND 0.30 70.41 587.96 
CLAY 27.13 97.54 560.83 
LIGNITE 0.91 98.45 559.92 
CLAY 23.47 121.92 536.45 
SAND 3.05 124.97 533.40 
CLAY 4.88 129.84 528.52 
LS? 1.22 131.06 527.30 
SAND 2.44 133.50 524.87 
LS? 0.30 133.81 524.56 
LIGNITE 3.35 137.16 521.21 
LS? 0.91 138.07 520.29 
LIGNITE 2.74 140.82 517.55 
CLAY 10.06 150.88 507.49 
- - -------------------, 
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151-92-22DDD WELL NO. 206 
USGS UN3 LAT. 47.877 LONG. 102.428 
ELEV: 578.82 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 578.82 
TOPSOIL 1.52 1.52 577.29 
CLAY 10.06 11.58 567.23 
GRAVEL 2.74 14.33 564.49 
CLAY 16.15 30.48 548.34 
GRAVEL 6.10 36.58 542.24 
SAND 17.37 53.95 524.87 
FORT UNION GROUP: SHALE 13.41 67.36 511.45 
SAND 5.79 73.15 505.66 
151-92-31AAA WELL NO. 207 
USGS UN4 LAT. 47.862 LONG. 102.493 
ELEV: 599.85 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 599.85 
TOP SOIL 0.00 0.00 599.85 
CLAY 6.40 6.40 593.45 
SAND 3,96 10.36 589.48 
FORT UNION GROUP: SHALE 7.92 18.29 581.56 
---·~---------------, 
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151-92-34DAA WELL NO. 208 
USGS UN5 LAT. 47.853 LONG. 102.429 
ELEV: 576.38 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 576.38 
TOP SOIL 0.30 0.30 576.07 
SAND 6.10 6.40 569.98 
CLAY 11.89 18.29 558.09 
GRAVEL 1.83 20.12 556.26 
CLAY 1.22 21.34 555.04 
GRAVEL 1.22 22.56 553.82 
SAND 2.74 25.30 551.08 
CLAY 1.22 26.52 549.86 
SAND 3.66 30.18 546.20 
SILT 1.83 32.00 544.37 
SAND 1.22 33.22 543.15 
CLAY 4.57 37.80 538.58 
GRAVEL 5.18 42.98 533.40 
CLAY 1.22 44.20 532.18 
GRAVEL 7.62 51.82 524.56 
FORT UNION GROUP: SHALE 9.14 60.96 515.42 
301 
151-92-3CCC WELL NO. 209 
USGS UN1 LAT. 47.921 LONG. 102.450 
ELEV: 579.12 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 579.12 
TOP SOIL 0.30 0.30 578.82 
SILT 0.91 1.22 577.90 
CLAY 14.63 15:05 563.27 
SAND 5.79 21.64 557.48 
CLAY 11.58 33.22 545.90 
SAND 1.52 34.75 544.37 
CLAY 2.74 37.49 541.63 
SAND 10.67 48.16 530.96 
CLAY 35.66 83.82 495.30 
FORT UNION GROUP: SHALE 1.52 85.34 493.78 
SAND 0.91 86.26 492.86 
SHALE 0.61 86.87 492.25 
LIGNITE 2.74 89.61 489.51 
SHALE 1.83 91.44 487.68 
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151-92-8988 WELL NO. 210 
USGS UN2 LAT. 47.920 LONG. 102.491 
ELEV: 586.74 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 586.74 
TOP SOIL 0.61 0.61 586.13 
SAND 1.22 1.83 584.91 
CLAY 14.63 16.46 570.28 
SAND 1.22 17.68 569.06 
CLAY 0.91 18.59 568.15 
SAND 3.05 21.64 565.10 
FORT UNION GROUP: SHALE 2.74 24.38 562.36 
SAND 35.05 59.44 527.30 
LIGNITE 1.52 60.96 525.78 
SHALE 6.10 67.06 519.68 
r! 
\f 
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151-93-22DDD WELL NO. 212 
USGS UN6 LAT. 47.877 LONG. 102.557 
ELEV: 605.33 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 605.33 
TOPSOIL 0.00 0.00 566.93 
CLAY 6.71 6.71 560.22 
SAND 17.07 23.77 543.15 
SILT 6.10 29.87 537.06 
SAND 34.75 64.62 502.31 
LIGNITE 1.52 66.14 500.79 




1.22 71.63 495.30 
SAND 19.20 90.83 476.10 
I GRAVEL 2.74 93.57 473.35 CLAY 28.04 121.62 445.31 I GRAVEL 7.01 128.63 438.30 
( FORT UNION GROUP: SHALE 3.66 132.28 434.64 
SILTSTONE 4.88 137.16 429.77 
151-93-238CC WELL NO. 213 
USGS UN7 LAT. 47.884 LONG. 102.556 
ELEV: 590.09 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 590.09 
TOP SOIL 0.30 0.30 589.79 
SAND 2.44 2.74 587.35 
CLAY 23.16 25.91 564.18 
FORT UNION GROUP: SAND 2.74 28.65 561.44 
SHALE 7.92 36.58 553.52 
-·--------------------. 
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151-93-28DDD WELL NO. 214 
A.BANGPN LAT. 47.862 LONG. 102.579 
ELEV: 643.13 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 643.13 
TOPSOIL 0.91 0.91 589.18 
CLAY 7.32 8.23 581.86 
GRAVEL 0.30 8.53 581.56 
CLAY 4.88 13.41 576.68 
FORT UNION GROUP: SANDSTONE 10.36 23.77 566.32 
CLAY 3.96 27.74 562.36 
LIGNITE 0.61 28.35 561.75 
CLAY 0.30 28.65 561.44 
15t-93-29ADD WELL NO. 215 
C.B.SHOBE-2 LAT. 47.871 LONG. 102.601 
ELEV: 629.41 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 629.41 
TOPSOIL 0.30 0.30 629.11 
CLAY 15.24 15.54 613.87 
l FORT UNION GROUP: SANDSTONE 2.74 18.29 611.12 
I CLAY 26.52 44.81 584.61 GRAVEL 2.74 47.55 581.86 CLAY 27.43 74.98 554.43 SANDSTONE 8.84 83.82 545.59 1 CLAY 4.57 88.39 541.02 
' l SHALE 3.35 91.74 537.67 LIGNITE 1.83 93.57 535.84 
J 




151-93-35BBB WELL NO. 216 
A.C.BANGPN LAT. 47.871 LONG. 102.601 
ELEV: 612.65 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 612.65 
TOP SOIL 0.30 0.30 612.34 
GRAVEL 2.13 2.44 610.21 
CLAY 3.96 6.40 606.25 
GRAVEL 1.22 7.62 605.03 
SAND 9.45 17.07 595.58 
GRAVEL 0.61 17.68 594.97 
FORT UNION GROUP: CLAY 17.37 35.05 577.60 
\ LS? 0.30 35.36 577.29 CLAY 1.52 36.88 575.77 
:I 
1 
LIGNITE 0.61 37.49 575.16 
CLAY 9.75 47.24 565.40 
LIGNITE 0.30 47.55 565.10 
CLAY 8.53 56.08 556.56 
LIGNITE 0.61 56.69 555.96 
CLAY 13.41 70.10 542.54 
SAND 2.44 72.54 540.11 
CLAY 9.75 82.30 530.35 
LIGNITE 0.61 82.91 529.74 
SHALE 0.91 83.82 528.83 
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152-92-14000 WELL NO. 217 
USGS UN9 LAT. 47.871 LONG. 102.601 
ELEV: 568.45 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 568.45 
TOPSOIL 0.00 0.00 568.45 
GRAVEL 2.74 2.74 565.71 
CLAY 4.57 7.32 561.14 
GRAVEL 3.05 10.36 558.09 
CLAY 8.84 19.20 549.25 
SAND 2.44 21.64 546.81 
CLAY 2.74 24.38 544.07 
FORT UNION GROUP: LIGNITE 0.91 25.30 543.15 
SHALE 5.18 30.48 537.97 
152-92-19AAA3 WELL NO. 218 
USGS UN10 LAT. 47.871 LONG. 102.601 
ELEV: 577.90 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 577.90 
TOPSOIL 0.30 0.30 577.60 
GRAVEL 0.91 1.22 576.68 
CLAY 35.36 36.58 541.32 
SAND 6.71 43.28 534.62 
GRAVEL 4.88 48.16 529.74 
FORT UNION GROUP: SANDSTONE 1.22 49.38 528.52 
SHALE 5.49 54.86 523.04 
-~--------------. 
307 
152-92-19AAB WELL NO. 219 
USGS UN11 LAT. 47.871 LONG. 102.601 
ELEV: 576.68 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 576.68 
TOP SOIL 0.00 0.00 576.68 
SILT 8.53 8.53 568.15 
CLAY 27.43 35.97 540.72 
SAND 9.45 45.42 531.27 
GRAVEL 3.66 49.07 527.61 
FORT UNION GROUP: SHALE 5.79 54.86 521.82 
152-92-20ADD WELL NO. 220 
USGS UN12 LAT. 47.871 LONG. 102.601 
ELEV: 587.04 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 587.04 
TOPSOIL 0.00 0.00 587.04 
SILT 63.09 63.09 523.95 
CLAY 8.53 71.63 515.42 
SAND 21.95 93.57 493.47 
FORT UNION GROUP: SAND 1.22 94.79 492.25 
SHALE 0.91 95.71 491.34 
LIGNITE 1.52 97.23 489.81 




152-92-20BBA WELL NO. 221 
USGS UN13 LAT. 47.871 LONG. 102.601 
ELEV: 579.42 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 579.42 
TOPSOIL 0.30 0.30 586.74 
GRAVEL 1.22 1.52 585.52 
CLAY 36.27 37.80 549.25 
SAND 7.92 45.72 541.32 
GRAVEL 21.03 66.75 520.29 
FORT UNION GROUP: SHALE 6.40 73.15 513.89 
152-92-29000 WELL NO. 222 
USGS UN15 LAT. 47.949 LONG. 102.601 
ELEV: 572.11 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 572.11 
TOP SOIL 1.22 1.22 570.89 
SILT 9.75 10.97 561.14 
CLAY 20.42 31.39 540.72 
SAND 5.79 37.19 534.92 
FORT UNION GROUP: SAND 1.22 38.40 533.70 
CLAY 0.61 39.01 533.10 
LIGNITE 1.22 40.23 531.88 
SANDSTONE 0.61 40.84 531.27 
SHALE 0.91 41.76 530.35 
SAND 0.91 42.67 529.44 
309 
152-92-31 CCC WELL NO. 223 
USGS UN16 LAT. 47.871 LONG. 102.601 
ELEV: 599.85 
GEOLOGIC SOURCE: MATERIAL 
THICKNESS DEPTH ELEV. 
DRIFT: 0.00 599.85 
TOP SOIL 0.00 0.00 599.85 
CLAY 6.10 6.10 593.75 
GRAVEL 1.52 7.62 59'2.23 
SAND 7.62 15.24 584.61 
FORT UNION GROUP: SAND 2.44 17.68 582.17 
SANDSTONE 0.61 18.29 581.56 
SHALE 6.10 24.38 575.46 
APPENDIXF 















print *,'Create input file for model SPHERE' 
print*, 'Name of data file containing model parameters?' 
read(S,lOO)infile 
100 format (a50) 




print*, 'Number of layers?' 
read {5,*)NBOD 
print*, 'Number of rows?' 
read (5,llO)NR 
print *,'Number of columns?' 
read (5,llO)NC 




print *,'Lnput 9 density contrasts (g/cmA3) • 
read ( 5, *) ( DI (I) , I=l, 9) 
print *,'Input 9 depths (meters)' 
read (5,*) iZI (I) ,I=l,9) 
print*, 'Input 9 thicknesses (meters)' 
read (5,*) (TI(I),I=l,9) 
write (ll,130)NB0D 
130 format ( i2) 
write ill,140)NR,NC,SP 
140 format(2i4,fl0.3) 
write (11,150) (DI(II ,I=l,9) 
write (11,150) (ZI(I),I=l,9) 
write (11,150) (TI (I), I=l, 9) 
150 format (9F8.3) 
DO 20 I=l,NR 
READ 1.10, *) (MPARM(J) ,J=l,NC) 
WRITE (11,170) (MPARM(J),J=l,NC) 
































LIST OF VARIABLES AND COMMENTS 
INPUT FILE MUST HAVE THE FOLLOWING FORMI\T: 
LINE 1: NBOD = THE NUMBER OF LAYERS IN MODEL (FREE FORMAT) 
LINE 2: NR,NC,SP = NUMBER OF ROWS, NUMBER OF COLUMNS, AND 
THE SPACING BETWEEN NODES IN METERS (214,Fl0.3) 
LINE 3: DI(I) = NINE DENSITY CONTRASTS IN g/cmA3 (9F8.3) 
LINE 4: ZI(I) = NINE DEPTHS TO TOP OF LAYER IN METERS 
(9F8 .3) 
LINE 5: TI(I) = NINE THICKNESS VALUES FOR LAYERS IN 
METERS ( 9F8. 3) 
LINE 6 THROUGH?: NOD( ) = NODAL INPUT CODES. FORMAT IS 14 
WHERE EACH CODE IS A 3 DIGIT NUMBER. THE FIRST DIGIT 
CORRESPONDS TO THE DENSITY CONTRAST (3 WOULD BE THE 
THIRD OF THE NINE VALUES ENTERED ABOVE), THE SECOND 
IS THE DEPTH TO THE TOP OF THE LAYER AT THAT NODE, 
AND THE THIRD WOULD BE THE THICKNESS OF THE LAYER. 
THE PROGRAM EXPECTS TO READ VALUES FOR THE NUMBER OF 
COLUMNS ACCROSS ON ONE LINE FOR THE TOTAL OF THE 































OTHER·VARIABLES USED IN THE PROGRAM 
RAD= SPACING DIVIDED BY 2: (SP/2i 
LX = NR: NUMBER OF ROWS, USED IN DO LOOP 
LY= NC : NUMBER OF COLUMNS, USED IN DO LOOP 
DSAA = 'DSAA' : HEADER TO OUTPUT FILE SO THAT 
SURFER WILL RECOGNIZE AS ASCII GRID FILE 
ONE= 1,0: SET INITIAL COLUMN AND ROW OUTPUTS TO 
EQUAL ONE. FOR SURFER RECOGNITION 
BURT= NC: SET FINAL COLUMN OUTPUT EQUAL TO# COLUMNS 
FOR SURFER RECOGNITION 
ERNIE= NR: SET FINAL ROW OUTPUT EQUAL TO# ROWS 
FOR SURFER RECOGNITION 
NB: DO LOOP VALUE FOR 1 THROUGH NUMBER OF LAYERS 
FN =NB+ 10, ABOVE+ 10, USED FOR FILE NUMBER FOR 
STORAGE OF CALCULATIONS FOR EACH LAYER 
QFN = Q(NB) : NAME OF FILE TO STORE EACH LAYER 
I DO LOOP VALUE FROM INITIAL TO# OF ROWS FOR READING 
NODAL VALUES AND ASSIGINING POSITION 
J DO LOOP VALUE FROM INITIAL TO# OF COLUMNS FOR 
READING NODAL VALUES AND ASSIGNING POSITION 
IDEN= NOD(J)/IDI : IDEN= TO NODAL VALUE OF Jth COLUMN 
DIVIDED BY 100 (IDI). USED TO SEPERATE DENSITY 
CONTRAST FROM 3 DIGIT NODAL CODE. 
D(I,J) = DENSITY CONTRJl.$T FOR NODE IN cm/gA3 
IZDP = DEPTH OF LAYER SEPERATED FROM 3 DIGIT NODAL CODE 
Z(I,J) = DEPTH OF NODE I,J IN METERS 
























































T(I,J} = THICKNESS OF NODE I,J IN METERS 
NX DO LOOP VALUE OF 1 THROUGH NUMBER OF ROWS 
NY DO LOOP VALUE OF 1 THROUGH NUMBER OF COLUMNS 
JX DO LOOP VALUE OF 1 THROUGH NUMBER OF ROWS 
JY DO LOOP VALUE OF 1 THROUGH NUMBER OF COLUMNS 
db T(JX,JYJ/4 : THICKNESS OF JXth,JYth NODE DIVIDED 
BY 4 WHICH IS THE RADIUS OF TWO LARGE SPHERES IN 
THE LAYER 
NSPHX = SP/(db*2} : NUMBER OF SPHERES IN X DIRECTION 
OF THE LAYER UNDER NODE. 
NSPHY = NSPHX : NUMBER OF SPHERES IN Y DIRECTION 
SSPHX = NUMBER OF SMALL SPHERES IN ONE LAYER IN X DIR 
SSPHY = NUMBER OF SMALL SPHERES IN ONE LAYER IN Y DIR 
CENTX =RAD: X POSITION OF CENTER OF NODE 
CENTY = CENTX: Y POSITION OF CENTER OF NODE 
XL= X DISTANCE FROM NODE BEING CALCULATED TO OTHER 
NODES 
XF Y DISTANCE FROM NODE TO OTHER NODES 
Bl DEPTH TO FIRST LAYER OF LARGE SPHERES 
B2 = DEPTH TO SECOND LAYER OF LARGE SPHERES 
B3 DEPTH TO FIRST LAYER OF SMALL SPHERES 
B4 = DEPTH TO MIDDLE LAYER OF SMALL SPHERES 
BS DEPTH TO BOTTOM LAYER OF SMALL SPHERES 
ds RADIUS OF SMALL SPHERES 
DISTX : DO LOOP VALUE FROM ONE TO NUMBER OF SPHERES 
IN ONE LAYER IN X DIRECTION 
DISTY: DO LOOP VALUE FROM ONE TO NUMBER OF SPHERES 
IN ONE LAYER IN Y DIRECTION 
THE FOLLOWING VARIABLES HAVE B FOR LARGE SPHERE AND 
C FOR SMALL SPHERE (e.g. YB OR YC) 
YB= Y DIST FROM CENTER OF NODE TO SPHERE 
YBB = Y DIST FROM CENTER OF NODE TO OTHER NODE 
XE= X DIST FROM CENTER OF NODE TO SPHERE 
XBB = X DIST FROM CENTER OF NODE TO OTHER NODE 
XDB = TOTAL X DIST FROM CENTER OF LAYER TO SPHERE 
YDB = TOTAL Y DIST FROM CENTER OF LAYER TO SPHERE 
DXY = TOTAL HORIZONTAL DISTANCE FROM NODE TO SPHERE 
Rl = TOTAL DISTANCE FROM NODE TO SPHERE (TOP LAYER 
OF LARGE SPHERES) 
R2 = TOTAL DISTANCE FROM NODE TO SPHERE (BOTTOM LAYER 
OF LARGE SPHERES) 
R3 = TOTAL DISTANCE FROM NODE TO SPHERE (FIRST LAYER 
OF SMALL SPHERES) 
R4 = TOTAL DISTANCE FROM NODE TO SPHERE (MIDDLE LAYER 
OF SMALL SPHERES) 
R3 = TOTAL DISTANCE FROM NODE TO SPHERE (BOTTOM LAYER 
OF SMALL SPHERES) 
GSPH = GRAVITY DUE TO FIRST LAYER OF LARGE SPHERES 
GSPHl = GRAVITY DUE TO BOTTOM LAYER OF LARGE SPHERES 
GSPH2 = GRAVITY DUE TO FIRST LAYER OF SMALL SPHERES 
GSPH3 = GRAVITY DUE TO MIDDLE LAYER OF SMALL SPHERES 
GS.PH4 = GRAVITY DUE TO BOTTOM LAYER OF SMALL SPHERES 








LJ ~ II : LOOP VALUES TO FIND MIN AND MAX VALUES OFF 
TM & TN ARE MIN AND MAX VALUES OFF 

















CHARACTER *3 strl, str2, str3 
RECORD/ rccoord / curpos 
PARAMETER (IDI=lOO,IZI=lO) 
DATA Q ( 1 ) , Q ( 2 ) , Q ( 3 ) , Q ( 4 ) , Q ( 5 ) , Q ( 6) , Q ( 7 ) , Q ( 8) , Q ( 9) , Q ( 1 0 ) 
+ / 1 FA I r I FB I r 1 FC f r I FD I , 1 FE f r I FF I r f FG I r I FH I / I FI I r I F J I / 
****************** 
+ 
dummy= setvideomode( $VRES16COLOR 
CALL clearscreen( $GCLEARSCREEN) 
CALL settextwindow( 1, 1, 10, 80) 
bgd = setbkcolor( 1) 
fgd = settextcolor( 14 
CALL settextposition( 1, 1, curpos 
CALL outtext ( ' 
' ) 
CALL settextposition( 2, 1, curpos 
PROGRAM SPHERE 
CALL outtext( ' CALCULATES THE GRAVITY FIELD ON 
+ A SURFACE ' ) 
bgd = setbkcol0r{ 1) 
fgd = settextcolor( 11 
CALL settextposition( 3, 1, curpos ) 
CALL outtext( ' ENTER NAME OF FILE CONTAINING T 
+HE MODEL ' ) 
CALL settextposition( 8, 33, curpos ) 
fgd = settextcolor( 12 ) 
READ(*,4)MTITLE 
bgd = setbkcolor( 1) 
fgd = settextcolor( 11 
CALL settextposition{ 4, 
CALL outtext ( ' 
+BE WRITTEN 
1, curpos ) 
ENTER FILE NAME ON WHICH DATA WILL 
' ) 





CALL settextposition( 8, 39, curpos ) 
str3 = 26 
fgd = settextcolor 1 15 J 
CALL outtext( str3) 
CALL settextposition( 8, 43, curpos i 
fgd = settextcolor ( 10 I 
READ(*,4) NTITLE 
4 FORMAT (2A8) 
******************* 
dummy= setcolor ( 1) 














DSAA = ' DSAA' 
WRITE (7,19) DSAA 
19 FORMAT (A4 ) 




WRITE (7,21) ONE,BURT 








DO 70 NB= 1, NBOD 
bgd = setbkcolor( 4 ) 
fgd = settextcolor( 11 
CALL settextposition( 5, 27, curpos 
WRITE ,strl, '(I3) ') NB 
























CALL outtext ( ' CALCULATING SOURCE '/ / strl / / ' OF '/ / str2 ) 
FN = NB+lO 
QFN = Q(NB) 
OPEN(FN,FILE=QFN,STATUS='UNKNOWN') 
DO 20 I = l,NR 
R.EAD 16,8) (NOD(J) ,J=l,NC) 
FORMAT (25I4) 
DO 10 J = 1,NC 








START OF MODEL CALCULATIONS 
LARGE LOOP TO CALCULATE GRAVITY AT EACH NODE 
count= 0.0 
DO 50 NX = l,NR 
bgd = setpkcolor( 2) 
fgd = settextcolor( 11 
CALL settextposition( 6, 33, curpos ) 
WRITE (strl, ' (I3) ') NX 
WRITE (str2, ' (I3) ') NR 
CALL outtext( 'ROW' // strl // 'OF '// str2 ) 
DO 49 NY = 1,NC 
INITIALIZE GRAVITATIONAL FORCE TO 0.0 
F = 0. 0 
NEXT LOOP TO CALCULATE CONTRIBUTIONS OF EACH NODE ON THE 
NODE OF INTEREST 
DO 48 JX = 1,LX 
DO 47 JY = l,LY 
IF (T(JX,JY) .EQ.0.0) GO TO 47 
db= T(JX,JY)/4 
NSPHX = SP/(db*2) 
NSPHY = NSPHX 
NSPH = NSPHX*NSPHY 
CENTX = RAD 
CENTY = CENTX 
XL=ABS(REAL(NX)*SP-REAL(JX)*SP) 
XF=ABS(REAL(NY)*SP-REAL(JY)*SP) 
















B2 = Z (JX, JY) + db*3 
B3 Z (JX, JY) 
B4 Z(JX,JY) + db*2 
BS Z(JX,JY) + db*4 
ds 0.948*db 
LOOP TO CALCULATE GRAVITY CONTRIBUTION OF LARGE SPHERES 
DO 109 DISTX=l, NSPHX 
DO 108 DISTY=l, NSPHY 
YB= ABS(REAL(DISTY)-1)*2*db+db 
YBB = ABS(YB-XF) 
XB = ABS(REAL(DISTX)-1)*2*db+db 
XBB = ABS(XB-XL) 
XDB = ABS(CENTX-XBB) 
YDB = ABS(CENTY-YBB) 
DXY = SQRT(XDB*XDB+YDB*YDB) 
Rl = SQRT(DXY*DXY+Bl*Bl) 
R2 = SQRT(DXY*DXY+B2*B2) 
GSPH = (0.02794*db**3*D(JX,JY)*B1)/(Rl**3) 
F=F+GSPH 
GSPHl = (0.02794*db**3*D(JX,JY)*B2)/(R2**3) 
F=F+GSPHl 
count= count+ 1 
CONTINUE 
CONTINUE 
LOOP TO CALCULATE GRAVITY CONTRIBUTION OF SMALL SPHERES 
SSPHX=NSPHX+l 
SSPHY=NSPHY+l 
DO 107 DISTX=l, SSPHX 
DO 106 DISTY=l, SSPHY 
YC = ABS(REAL(DISTY)-l.0)*2*db 
YCC = ABS(YC-XF) 
XC = ABS(REAL(DISTX)-1.0)*2*db 
XCC = ABS(XC-XL) 
XDC = ABS(CENTX-XCC) 
YDC = ABS(CENTY-YCC) 
DXYC = SQRT(XDC*XDC+YDC*YDC) 
R3 SQRT(DXYC*DXYC+B3*B3) 
R4 = SQRT(DXYC*DXYC+B4*B4) 
RS= SQRT(DXYC*DXYC+B5*B5) 
TEST TO SEE IF SMALL SPHERE IS AT EDGE OR SIDE OF NODE BLOCK 
IF (DISTY.EQ.l.AND.DISTX.EQ.l) THEN 
GSPH2 0.25*(0.02794*ds**3*D(JX,JY)*B3)/(R3**3) 
GSPH3 = 0.25*(0.02794*ds**3*DiJX,JY)*B4)/(R4**3) 
GSPH4 = 0.25*(0.02794*ds**3*D(JX,JY)*B5)/(R5**3) 
ELSEIF (DISTY.EQ.l.AND.DISTX.EQ.SSPHX) THEN 
GSPH2 0.25*(0.02794*ds**3*D(JX,JY)*B3)/(R3**3) 


















GSPH4 = 0.25*(0.02794*ds**3*D(JX,JY)*BS)/(R5**3) 
ELSEIF (DISTY.EQ.SSPHY.AND.DISTX.EQ.l) THEN 
GSPH2 = 0.25*(0.02794*ds**3*D(JX,JY)*B3)/(R3**3) 
GSPH3 = 0.25*(0.02794*ds**3*D(JX,JY)*B4//(R4**3) 
GSPH4 = 0.25*(0.02794*ds**3*DtJX,JY)*BS)/(R5**3i 
ELSEIF tDISTY.EQ.l.OR.DISTX.EQ.l) THEN 
GSPH2 0.5*(0.02794*ds**3*D(JX,JY)*B3)/IR3**3) 
GSPH3 = 0.5*(0.02794*ds**3*D(JX,JY)*B4)/(R4**3) 
GSPH4 = 0.5*(0.02794*ds**3*D(JX,JY)*B5)/(R5**3) 
ELSEIF (DISTY.EQ.SSPHY.OR.DISTX.EQ.SSPHX) THEN 
GSPH2 0.5*(0.02794*ds**3*D(JX,JY)*B3)/(R3**3) 
GSPH3 0.5*(0.02794*ds**3*D(JX,JY)*B4)/(R4**3) 















SUM(NY) = F 
CONTINUE 
WRITE (FN,45) (SUM(J),J=l,NC) 




WRITE (*,71) NTITLE 
FORMAT(lX,//,lX,'COMPUTATION COMPLETE, WRITING TO FILE ',AS) 
DO 74 JJ = l,NBOD 
FN = NBOD+JJ 
OPEN(FN,FILE=Q(JJ),STATUS='OLD'} 
74 CONTINUE 
LOOP TO FIND MIN AND MAX F VALUES 
TM=-1000. 
TN=SOOO. 
DO 90 LJ = l,NR 
DO 80 II= l,NBOD 
FN =NBOD+II 
READ (FN,45) (SUM(J),J=l,NC) 
DO 75 K = l,NC 






WRITE (7,82) (FINAL(J),J=l,NC) 
82 FORMAT(8E12.5) 
DO 85 II = l,NC 
FINAL ( II ) =O . 0 
85 CONTINUE 
90 CONTINUE 
DO 91 K = l,NBOD 
FN = NBOD+K 































c RATIO - CALCULATE RATIO OF COARSE GRAINED TO FINE GRAINED 
C 
****************************************************************** 
LIST OF VARIABLES 
* VALG = STRATCOL LITHOLOGY LABEL 
* MET= THICKNESS OF LAYER IN METERS 
* FEET= THICKNESS OF LAYER IN FEET 
* SYM = STRATCOL PATTERN SYMBOL 




























SG = AMOUNT OF COARSE GRAINED MATERIAL, RUNNING TOTAL 
FG = AMOUNT OF FINE GRAINED MATERIAL, RUNNING TOTAL 
THICK= TOTAL THICKNESS (WELL DEPTH), RUNNING TOTAL 




RATIO OF COARSE GRAINED MATERIAL TO WELL DEPTH 
RATIO OF FINE GRAINED MATERIAL TO WELL DEPTH 

















MATERIAL PLACED BY HUMANS 
GRAVEL 
SAND 






SH?= QUESTIONABLE BETWEEN SHALE AND CLAY 






print*, 'Calculate ratio of coarse to fine grained material' 
print *,'Name of input file?' 
read(S,lOO)infile 
100 format(aSO) 








* INITIALIZE RATIOS 
SG = 0.0 
FG = 0.01 
THICK= 0.0 




IF (VALG .eq. 'DUM') THEN 
GOTO 190 
ELSEIF (VALG .eq. 'TOP') THEN 
GOTO 180 
ELSEIF (VALG .eq. 'LIG') THEN 
GOTO 180 
ELSEIF (VALG .eq. 'S?') THEN 
GOTO 180 
ELSEIF (VALG .eq. 'FILL') THEN 
GOTO 180 
ELSEIF (VALG .eq. 'GRAV') THEN 
GOTO 140 
ELSEIF (VALG .eq. 'SAND') THEN 
GOTO 140 
ELSEIF (VALG .eq. 'COBS'\ THEN 
GOTO 140 
ELSEIF (VALG .eq. 'SS') THEN 
GOTO 140 
ELSEIF (VALG .eq. 'CLAY') THEN 
GOTO 150 
ELSEIF (VALG .eq. 'SH') THEN 
GOTO 150 
ELSEIF (VALG .eq. 'SILT') THEN 
GOTO 150 
ELSEIF (VA.LG .eq. 'SIS') THEN 
GOTO 150 
ELSEIF (VALG .eq. 'SH?') THEN 
GOTO 150 
ELSEIF (VALG .eq. 'CLAY-SH') THEN 
GOTO 150 
ENDIF 
140 SG = SG + MET 
GOTO 180 
150 FG = FG + MET 
GOTO 180 
180 THICK= THICK+ MET 
190 CONTINUE 
200 RATIOl SG/FG 
RATI02 = SG/THICK 
RATI03 = FG/THICK 
205 WRITE (ll,210)RATI01,RATI02,RATI03 





·r·.··.·.· ....•.... ·., 
325 
stop 
1301 print *, 'Error reading header information' 
stop 









COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. (g/cm~3) (m) (m) (mgal) 
1 1 0.00 1.00 0.00 0.000 
2 1 0.00 1.00 0.00 0.000 
3 1 0.00 1.00 0.00 0.000 
4 1 0.00 1.00 0.00 0.000 
5 1 o.oo 1.00 0.00 0.000 
6 1 0.00 1.00 0.00 0.000 
7 1 0.00 1. 00 0.00 0.000 
8 1 0.00 1. 00 0.00 0.000 
9 1 0.00 1. 00 o.oo 0.000 
10 1 0.00 1.00 0.00 0.000 
11 1 0.00 1. 00 0.00 0.000 
12 1 0.00 1.00 0.00 0.000 
13 1 0.00 1.00 0.00 0.000 
14 1 0.00 1.00 0.00 0.000 
15 1 0.00 1.00 o.oo 0.000 
16 1 0.00 1.00 0.00 0.000 
17 1 o.oo 1.00 o.oo -0.141 
18 1 0.00 1.00 0.00 -0.141 
19 1 0.00 1.00 0.00 -0.141 
20 1 o.oo 1. 00 0.00 0.000 
21 1 0.00 1.00 o.oo 0.000 
22 1 0.00 1.00 o.oo -0.048 
23 1 o.oo 1.00 0.00 -0.188 
24 1 -0.30 30.00 10.00 -0.188 
25 1 0.00 LOO o.oo -0.141 
26 1 o.oo 1.00 0.00 -0.262 
27 1 -0.40 20.00 10.00 -0.321 
28 1 o.oo 1.00 0.00 -0.175 
29 1 0.15 1.00 10.00 0.113 
30 1 o.oo 1.00 0.00 0.410 
31 1 0.20 1.00 10.00 0.265 
32 1 0.00 1.00 0.00 -0.120 
33 1 -0.35 20.00 10.00 -1.419 
34 1 -0.50 20.00 25.00 -1.965 
35 1 -0.50 20.00 15.00 -1.798 
36 1 -0.40 20.00 10.00 -0.738 
37 1 0.00 1.00 0.00 -0.262 
38 1 -0.30 20.00 5.00 -0.072 
39 1 0.00 1.00 0.00 -0.072 
40 1 o.oo 1.00 0.00 0.000 
1 2 0.00 1.00 0.00 0.000 
2 2 o.oo 1.00 0.00 0.000 
3 2 0.00 1.00 0.00 0.000 
4 2 0.00 1.00 0.00 0.000 
5 2 0.00 1.00 0.00 0.000 
6 2 0.00 1.00 0.00 0.000 
7 2 0.00 1.00 0.00 0.000 




COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
9 2 0.00 1.00 0.00 0.000 
10 2 0.00 1.00 0.00 0.000 
11 2 0.00 1.00 0.00 0.000 
12 2 o.oo 1.00 0.00 0.000 
13 2 0.00 1.00 o.oo 0.000 
14 2 0.00 1.00 0.00 0.000 
15 2 o.oo 1.00 0.00 0.000 
16 2 0.00 1.00 0.00 0.000 
17 2 0.00 1.00 o.oo -0.141 
18 2 -0.30 30.00 10.00 -0.141 
19 2 0.00 1. 00 0.00 -0.141 
20 2 o.oo 1.00 0.00 0.000 
21 2 0.00 1.00 o.oo 0.000 
22 2 0.00 1.00 o.oo -0.048 
23 2 -0.20 20.00 5.00 -0.188 
24 2 0.00 1.00 0.00 -0. 188 
25 2 0.00 1.00 0.00 -0.141 
26 2 0.00 1.00 0.00 -0.262 
27 2 -0.30 20.00 5.00 -0.321 
28 2 -0.25 20.00 5.00 -0.161 
29 2 0.10 1.00 5.00 0.166 
30 2 0;10 1.00 5.00 0.463 
31 2 0.10 1.00 10.00 0.304 
32 2 0.00 1.00 0.00 -0.120 
33 2 -0.40 20.00 10.00 -1. 511 
34 2 -0.50 20.00 20.00 -2.055 
35 2 -0.40 20.00 10.00 -1.890 
36 2 o.oo 1.00 0.00 -0.738 
37 2 o.oo 1.00 0.00 -0.262 
38 2 0.00 1.00 0.00 -0.072 
39 2 0.00 1. 00 0.00 -0.072 
" 
40 2 0.00 1.00 0.00 0.000 
'I 1 3 0.00 1.00 0.00 0.000 
' 
2 3 0.00 1.00 0.00 0.000 
3 3 o.oo 1.00 0.00 0.000 
4 3 0.00 1.00 0.00 0.000 
5 3 o.oo 1. 00 o.oo 0.000 
6 3 0.00 1.00 o.oo 0.000 
7 3 o.oo 1.00 0.00 0.000 
,, 8 3 0.00 1.00 0.00 0.000 
l 9 3 0.00 1.00 0.00 0.000 
10 3 0.00 1.00 o.oo 0.000 
i 11 3 o.oo 1.00 0.00 0.000 
i 12 3 0.00 1.00 0.00 0.000 
13 3 0.00 1.00 0.00 0.000 
14 3 0.00 1.00 o.oo 0.000 
15 3 0.00 1.00 o.oo -0.072 









COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
17 3 0.00 1.00 0.00 -0.307 
18 3 0.00 1.00 0.00 -0.223 
19 3 0.00 1.00 0.00 -0.048 
20 3 0.00 1.00 0.00 0.093 
21 3 0.00 1.00 0.00 0.079 
22 3 0.00 1.00 0.00 -'0.048 
23 3 o.oo 1.00 0.00 -0.048 
24 3 0.00 1.00 0.00 -0.048 
25 3 0.00 1.00 0.00 -0.249 
26 3 0.00 1.00 0.00 -0.571 
27 3 0.00 1.00 0.00 -0.750 
28 3 0.00 1.00 0.00 -0.460 
29 3 0.05 1.00 5.00 -0.072 
30 3 0.05 1.00 10.00 0.186 
31 3 o.oo 1. 00 0.00 0.146 
32 3 0.00 1.00 0.00 -0.111 
33 3 0.00 1.00 0.00 -0.757 
34 3 -0.40 20.00 5.00 -0.829 
35 3 0.00 1.00 0.00 0.118 
36 3 0.00 1.00 0.00 0.684 
37 3 0.00 1.00 0.00 0.756 
38 3 0.00 1.00 0.00 0.000 
39 3 o.oo 1.00 0.00 0.000 
40 3 0.00 1.00 0.00 0.000 
1 4 0.00 1.00 0.00 0.000 
2 4 0.00 1.00 0.00 0.000 
3 4 0.00 1.00 0.00 0.000 
4 4 0.00 1.00 0.00 0.000 
5 4 o.oo 1.00 0.00 0.000 
6 4 o.oo 1.00 0.00 0.000 
7 4 0.00 1.00 0.00 0.000 
8 4 0.00 1.00 0.00 0.000 
9 4 o.oo 1.00 o.oo 0.000 
10 4 0.00 1.00 0.00 0.000 
11 4 0.00 1.00 o.oo 0.000 
12 4 0.00 1.00 0.00 0.000 
13 4 0.00 1.00 o.oo 0.000 
14 4 0.00 1.00 o.oo 0.000 
15 4 0.00 1.00 o.oo -0.072 
16 4 -0.30 20.00 5.00 -0.489 
17 4 -0.40 20.00 5.00 -0.489 
18 4 0.00 1.00 0.00 -0.403 
19 4 0.05 1.00 5.00 0.133 
20 4 0.10 1.00 10.00 0.212 
21 4 0.00 1.00 0.00 0. 318 
22 4 0.00 1.00 0.00 0.278 
23 4 0.00 1.00 o.oo 0.199 




COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
25 4 0.00 1.00 0.00 -0.540 
26 4 -0.25 20.00 15.00 -1.332 
27 4 -0.25 20.00 15.00 -2.271 
28 4 -0.10 20.00 10.00 -2.260 
29 4 0.00 1. 00 0.00 -1.622 
30 4 0.00 1. 00 0.00 -0.684 
31 4 0.00 1. 00 o.oo -0.155 
32 4 0.00 1. 00 0.00 0.000 
33 4 0.00 1. 00 0.00 -0.192 
34 4 0.00 1.00 o.oo -0.073 
35 4 0.15 1.00 10.00 0.723 
36 4 0.20 1. 00 20.00 0.928 
37 4 0.00 1.00 0.00 0.808 
38 4 0.00 1.00 0.00 0.014 
39 4 0.00 1.00 0.00 0.000 
40 4 o.oo 1. 00 0.00 0.000 
1 5 0.00 1.00 0.00 0.000 
2 5 0.00 1. 00 0.00 0.000 
3 5 0.00 1. 00 0.00 0.000 
4 5 o.oo 1. 00 0.00 0.000 
5 5 0.00 1. 00 0.00 0.000 
6 5 0.00 1. 00 0.00 0.000 
7 5 o.oo 1. 00 0.00 0.000 
8 5 0.00 1. 00 0.00 0.000 
9 5 0.00 1. 00 0.00 0.000 
10 5 0.00 1. 00 0.00 0.000 
11 5 0.00 1. 00 0.00 0.000 
12 5 o.oo 1. 00 0.00 0.000 
13 5 o.oo 1. 00 0.00 0.000 
14 5 o.oo 1. 00 0.00 0.000 
15 5 0.00 1.00 0.00 -0.144 
16 5 0.00 1. 00 o.oo -0.773 
17 5 -0.45 20.00 15.00 -0.773 
18 5 o.oo 1.00 0.00 -0.618 
19 5 0.00 1.00 0.00 0.133 
20 5 0.05 1.00 10.00 0.251 
21 5 0.10 1.00 10.00 0.423 
22 5 0.15 1.00 10.00 0.384 
23 5 0.10 1.00 10.00 0.265 
24 5 0.00 1.00 0.00 0.006 
25 5 0.00 1.00 0.00 -0.805 
26 5 -0.35 10.00 15.00 -1.922 
27 5 -0.35 10.00 25.00 -3.115 
28 5 -0.40 10.00 35.00 -3.253 
29 5 -0.35 10.00 25.00 -2.314 
' 
30 5 -0.35 10.00 10.00 -0.971 
31 5 o.oo 1.00 o.oo 0.276 
32 5 0.00 1.00 o.oo 0.471 
332 
COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
33 5 0.00 1. 00 o.oo -0.293 
34 5 -0.40 20.00 5.00 -0.472 
35 5 o.oo 1.00 o.oo 0.309 
36 5 0.05 1.00 10.00 1. 007 
37 5 0.05 1.00 5.00 0.808 
38 5 o.oo 1.00 o.oo 0.014 
39 5 o.oo 1.00 o.oo 0.000 
40 5 o.oo 1.00 0.00 0.000 
1 6 o.oo 1.00 o.oo 0.000 
2 6 o.oo 1.00 o.oo 0.000 
3 6 o.oo 1.00 o.oo 0.000 
4 6 0.00 1.00 o.oo 0.000 
5 6 0.00 1.00 o.oo 0.000 
6 6 o.oo 1.00 0.00 0.000 
7 6 0.00 1.00 o.oo 0.000 
8 6 0.00 1.00 o.oo 0.000 
9 6 o.oo 1.00 0.00 0.000 
10 6 o.oo 1.00 0.00 0.000 
11 6 o.oo 1.00 o.oo 0.000 
12 6 o.oo 1.00 0.00 0.000 
13 6 o.oo 1.00 0.00 0.000 
14 6 o.oo 1.00 0.00 0.000 
15 6 o.oo 1.00 0.00 -0.072 
16 6 -0.25 20.00 5.00 -0.606 
17 6 -0.40 20.00 10.00 -0.606 
18 6 0.00 1.00 o.oo -0.536 
19 6 o.oo 1.00 o.oo 0.040 
20 6 o.oo 1.00 o.oo 0.159 
21 6 0.05 1.00 . 10. 00 0.344 
22 6 0.10 1.00 15.00 0.384 
23 6 o.oo 1.00 0.00 0.265 
24 6 o.oo 1.00 0.00 -0.134 
25 6 -0.30 10.00 5.00 -0.862 
26 6 -0.40 10.00 10.00 -2.008 
27 6 -0.45 10.00 15.00 -3.255 
28 6 -0.45 10.00 15.00 -3.758 
29 6 -0.45 10.00 15.00 -2.776 
30 6 0.05 1.00 5.00 -1.158 
31 6 0.10 1.00 10.00 0.435 
32 6 0.10 1.00 20.00 0.629 
33 6 o.os 1.00 5.00 -0.214 
34 6 -0.50 20.00 25.00 -0.499 
35 6 0.10 1.00 10.00 -0.472 
36 6 o.oo 1.00 0.00 0.225 
37 6 o.oo 1.00 0.00 0.067 
38 6 o.oo 1.00 0.00 0.014 
39 6 o.oo 1.00 0.00 0.000 




~'¥ 333 .'."'\': 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
1 7 0.00 1. 00 0.00 0.000 
2 7 0.00 1.00 0.00 0.000 
3 7 0.00 1.00 0.00 0.000 
4 7 0.00 1.00 0.00 0.000 
5 7 o.oo 1.00 0.00 0.000 
6 7 0.00 1.00 0.00 0.000 
7 7 0.00 1.00 0.00 0.000 
8 7 0.00 1.00 0.00 0.000 
9 7 0.00 1.00 0.00 0.000 
10 7 0.00 1.00 o.oo 0.000 
11 7 0.00 1.00 0.00 0.000 
12 7 0.00 1.00 0.00 0.000 
13 7 0.00 1.00 0.00 0.000 
14 7 0.00 1.00 o.oo 0.000 
15 7 0.00 1.00 0.00 -0.072 
16 7 0.00 1.00 o.oo -0.287 
17 7 0.00 1.00 o.oo -0.287 
18 7 0.00 1.00 0.00 -0.215 
19 7 o.oo 1.00 0.00 -0.211 
20 7 o.oo 1. 00 0.00 -0.405 
21 7 0.00 1.00 0.00 -0.550 
22 7 o.oo 1.00 0.00 -0.503 
23 7 0.00 1.00 0.00 -0.308 
24 7 0.00 1.00 o.oo -0.378 
25 7 -0.30 30.00 10.00 -0.572 
26 7 -0.35 30.00 10.00 -1. 179 
27 7 -0.40 30.00 15.00 -1.794 
28 7 -0.45 30.00 15.00 -2.041 
29 7 -0.40 30.00 15.00 -1.408 
30 7 0.05 1.00 5.00 -0.421 
31 7 0.10 1.00 10.00 0.669 
32 7 0.10 1.00 15.00 0.484 
33 7 0.05 1.00 5.00 -0.262 
34 7 0.00 1.00 o.oo -0.586 
i 35 7. 0.10 1.00 10.00 -0.416 
I 36 7 0.05 1.00 5.00 0.172 37 7 o.oo 1.00 0.00 0.014 
I 38 7 0.00 1.00 0.00 0.000 39 7 0.00 1.00 0.00 0.000 
l 40 7 0.00 1.00 0.00 0.000 1 8 0.00 1.00 0.00 0.000 I 2 8 0.00 1.00 0.00 0.000 
l 3 8 0.00 1.00 0.00 0.000 4 8 0.00 1.00 0.00 0.000 5 8 0.00 1.00 0.00 0.000 
6 8 o.oo 1.00 0.00 0.000 
7 8 o.oo 1.00 0.00 0.000 
8 8 o.oo 1.00 o.oo 0.000 
"! 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
9 8 0.00 1.00 o.oo 0.000 
10 8 0.00 1.00 0.00 0.000 
11 8 0.00 1.00 0.00 0.000 
12 8 0.00 1.00 0.00 0.000 
13 8 0.00 1.00 o.oo 0.000 
14 8 0.00 1.00 0.00 0.000 
15 8 0.00 1.00 0.00 0.000 
16 8 0.00 1.00 0.00 0.000 
17 8 0.00 1.00 0.00 0.000 
18 8 0.00 1.00 0.00 -0.141 
19 8 0.00 1.00 0.00 -0.631 
20 8 -0.30 30.00 10.00 -1. 215 
21 8 -0.40 30.00 10.00 -1.600 
22 8 -0.35 30.00 10.00 -1. 273 
23 8 -0.25 30.00 10.00 -0.732 
24 8 0.00 1.00 0.00 -0.404 
25 8 0.00 1.00 0.00 -0.584 
26 8 0.00 1.00 0.00 -1.021 
27 8 0.00 1.00 0.00 -1.532 
28 8 -0.40 30.00 10.00 -1. 541 
29 8 0.00 1.00 0.00 -1.130 
30 8 0.00 1.00 0.00 -0.445 
31 8 0.00 1.00 o.oo -0.050 
32 8 0.05 1. 00 10.00 -0.479 
33 8 -0.40 40.00 10.00 -0.915 
34 8 0.00 1.00 0.00 -1. 642 
35 8 o.oo 1.00 0.00 -1. 390 
36 8 0.00 1.00 0.00 -0.944 
37 8 0.00 1.00 0.00 -0.254 
38 8 0.00 1.00 o.oo 0.000 
39 8 0.00 1.00 0.00 0.000 
40 8 0.00 1.00 0.00 0.000 
1 9 0.00 1.00 0.00 0.000 
2 9 0.00 1.00 0.00 0.000 
3 9 0.00 1.00 0.00 0.000 
4 9 0.00 1.00 0.00 0.000 
5 9 0.00 1.00 o.oo 0.000 
6 9 o.oo 1.00 o.oo 0.000 
7 9 0.00 1.00 o.oo 0.000 
8 9 0.00 1.00 0.00 0.000 
9 9 0.00 1.00 0.00 -0.187 
10 9 0.00 1.00 0.00 -0.187 
11 9 0.00 1.00 0.00 -0.187 
12 9 0.00 1.00 0.00 0.000 
13 9 0.00 1.00 0.00 0.000 
14 9 0.00 1.00 0.00 0.000 
15 9 0.00 1.00 o.oo 0.000 
16 9 0.00 1.00 o.oo 0.000 
~ . 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
17 9 0.00 1.00 o.oo -0.187 
18 9 0.00 1.00 o.oo -0.515 
19 9 -0.20 30.00 10.00 -1.006 
20 9 -0.35 30.00 15.00 -2.091 
21 9 -0.45 30.00 15.00 -2.752 
22 9 -0.35 30.00 15.00 -2.467 
23 9 0.00 1.00 0.00 -1. 239 
24 9 -0.20 50.00 5.00 -0.311 
25 9 -0.25 50.00 5.00 -0.443 
26 9 -0.40 50.00 10.00 -0.715 
27 9 -0.45 50.00 10.00 -1.049 
28 9 -0.45 50.00 10.00 -0.784 
29 9 -0.35 50.00 5.00 -0.557 
30 9 -0.40 50.00 5.00 -0.563 
31 9 -0.40 50.00 5.00 -0.814 
32 9 -0.30 50.00 5.00 -1. 689 
33 9 -0.50 50.00 15.00 -2.189 
34 9 -0.50 50.00 20.00 -2.628 
35 9 -0.50 50.00 35.00 -1.929 
36 9 -0.30 50.00 20.00 -1.037 
37 9 0.00 1.00 0.00 -0.268 
38 9 o.oo 1.00 0.00 0.000 
39 9 0.00 1.00 o.oo 0.000 
40 9 0.00 1.00 0.00 0.000 
1 10 0.00 1.00 0.00 0.000 
2 10 0.00 1.00 0.00 0.000 
3 10 0.00 1.00 0.00 0.000 
4 10 0.00 1.00 o.oo 0.000 
5 10 o.oo 1.00 o.oo 0.000 
6 10 o.oo 1. 00 o.oo 0.000 
7 10 0.00 1. 00 o.oo 0.000 
8 10 0.00 1. 00 0.00 0.000 
9 10 0.00 1. 00 0.00 -0.187 
10 10 -0.40 30.00 10.00 -0.187 
11 10 0.00 1.00 0.00 -0.108 
12 10 0.00 1.00 0.00 0.079 
13 10 0.00 1.00 0.00 0.079 
14 10 0.00 1.00 o.oo 0.000 
15 10 0.00 1.00 o.oo 0.000 
16 10 o.oo 1.00 0.00 -0.141 
17 10 0.00 1.00 o.oo -0.515 
18 10 -0.40 30.00 10.00 -0.843 
19 10 -0.40 30.00 10.00 -0.983 
20 10 0.00 1.00 0.00 -1. 857 
21 10 -0.40 30.00 25.00 -2.515 
22 10 -0.40 30.00 20.00 -2.280 
23 10 -0.20 30.00 5.00 -1.078 

















































































































































































































































































































COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m} (m) (mgal) 
33 11 -0.45 50.00 15.00 -1. 922 
34 11 -0.45 50.00 10.00 -1.359 
35 11 0.00 1.00 0.00 -0.533 
36 11 0.00 1.00 0.00 0.159 
37 11 0.00 1.00 o.oo 0.079 
38 11 0.00 1.00 0.00 0.000 
39 11 0.00 1.00 0.00 0.000 
40 11 o.oo 1.00 o.oo 9.000 
1 12 0.00 1.00 0.00 0.000 
2 12 o.oo 1.00 o.oo 0.000 
3 12 0.00 1.00 0.00 0.000 
4 12 0.00 1. 00 0.00 0.000 
5 12 0.00 1. 00 0.00 0.000 
6 12 0.00 1.00 0.00 0.000 
7 12 0.00 1.00 0.00 0.000 
8 12 0.00 1.00 o.oo 0.000 
9 12 0.00 1.00 0.00 0.000 
10 12 0.00 1.00 0.00 0.000 
11 12 0.00 1.00 0.00 -0.114 
12 12 0.00 1.00 0.00 -0.114 
13 12 o.oo 1.00 0.00 -0.035 
14 12 0.10 1.00 10.00 0.079 
15 12 o.oo 1.00 0.00 0.079 
16 12 0.00 1.00 o.oo -0.141 
17 12 0.00 1.00 0.00 -0.328 
18 12 0.00 1.00 0.00 -0.328 
19 12 0.00 1.00 0.00 -0.187 
20 12 0.00 1.00 0.00 -0.272 
21 12 -0.30 30.00 10.00 -0.524 
22 12 -0.30 30.00 10.00 -0.848 
23 12 -0.20 30.00 5.00 -0.577 
24 12 o.oo 1.00 0.00 -0.234 
25 12 0.10 1.00 15.00 0.186 
26 12 0.10 1.00 15.00 0.213 
27 12 0.00 1.00 0.00 0.120 
28 12 0.00 1.00 0.00 0.027 
29 12 0.00 1.00 0.00 0.033 
30 12 0.05 1.00 15.00 -0.037 
31 12 0.00 1.00 0.00 -0.286 
32 12 0.00 1.00 0.00 -0.806 
33 12 0.00 1.00 0.00 -0.983 
34 12 -0.20 50.00 5;00 -0.616 
35 12 0.10 1.00 10.00 -0.049 
36 12 0.10 1.00 10.00 0.198 
37 12 0.00 1.00 0.00 0.079 
38 12 0.00 1.00 0.00 0.000 
39 12 0.00 1.00 0.00 0.000 
40 12 0.00 1.00 0.00 0.000 
": ' 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
( g/cm~3) (m) (m) (mgal) 
1 13 0.00 1.00 o.oo 0.000 
2 13 o.oo 1.00 0.00 0.000 
3 13 o.oo 1.00 0.00 0.000 
4 13 0.00 1.00 0.00 0.000 
5 13 0.00 1.00 0.00 0.000 
6 13 0.00 1.00 0.00 0.000 
7 13 0.00 1.00 o.oo 0.000 
8 13 0.00 1.00 0.00 0.000 
9 13 0.00 1.00 0.00 0.000 
10 13 0.00 1.00 o.oo 0.000 
11 13 0.00 1. 00 0.00 -0.355 
12 13 -0.30 70.00 15.00 -0.355 
13 13 0.00 1. 00 o.oo -0.276 
14 13 0.00 1. 00 0.00 0.079 
15 13 o.oo 1. 00 0.00 0.079 
16 13 0.00 1.00 0.00 0.000 
17 13 0.00 1.00 0.00 0.000 
18 13 0.00 1.00 0.00 0.000 
19 13 0.00 1.00 0.00 -0.280 
20 13 0.00 1.00 0.00 -0.341 
21 13 0.10 1.00 10.00 -0.316 
22 13 0.15 1.00 15.00 -0.676 
23 13 -0.40 30.00 15.00 -0.616 
24 13 o.oo 1.00 0.00 -0.548 
25 13 0.10 1.00 5.00 0.186 
26 13 0.10 1.00 5.00 0.213 
27 13 0.10 1.00 5.00 0.120 
28 13 o.oo 1.00 0.00 0.160 
29 13 0.00 1.00 0.00 0.199 
30 13 0.00 1.00 0.00 -0.289 
31 13 -0.30 30.00 5.00 -0.957 
32 13 -0.30 30.00 5.00 -1.674 
33 13 -0.40 30.00 10.00 -1.348 
34 13 0.00 1.00 0.00 -0.128 
35 13 0.05 1.00 10.00 0.642 
36 13 0.00 1.00 0.00 0.805 
37 13 0.00 1.00 0.00 0.119 
38 13 0.00 1.00 0.00 0.000 
39 13 0.00 1.00 o.oo 0.000 
40 13 0.00 1.00 0.00 0.000 
1 14 0.00 1.00 0.00 0.000 
2 14 0.00 1.00 0.00 0.000 
3 14 o.oo 1.00 0.00 0.000 
4 14 o.oo 1.00 0.00 0.000 
5 14 0.00 1.00 0.00 0.000 
6 14 0.00 1.00 0.00 0.000 
7 14 0.00 1.00 0.00 0.000 
8 14 0.00 1.00 0.00 0.000 
339 
') COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. (g/cm~3) (m) (m) (mgal) 
9 14 0.00 1.00 0.00 0.000 ,, 
10 14 0.00 1.00 0.00 0.000 
11 14 0.00 1.00 0.00 -0.355 
12 14 -0~25 70.00 15.00 -0.355 
13 14 0.00 1.00 0.00 -0.355 
14 14 0.00 1.00 0.00 0.000 
15 14 0.00 1.00 o.oo 0.000 
16 14 0.00 1.00 0.00 0.000 
17 14 0.00 1.00 0.00 0.000 
18 14 0.00 1. 00 0.00 -0.161 
19 14 0.00 1. 00 0.00 -0.732 
20 14 -0.40 30.00 15.00 -0.619 
21 14 0.00 1.00 o.oo -0.160 
22 14 0.10 1.00 15.00 -0.428 
23 14 -0.45 30.00 15.00 -0.785 
24 14 o.oo 1.00 0.00 -1.336 
25 14 0.00 1.00 0.00 -0.750 
26 14 0.00 1.00 o.oo -0.850 
27 14 0.00 1.00 0.00 -0.875 
28 14 0.00 1.00 0.00 -0.424 
29 14 0.20 1.00 15.00 0.086 
30 14 0.05 1.00 15.00 -0.449 
31 14 -0.45 30.00 20.00 -1. 871 
32 14 -0.50 30.00 20.00 -3.307 
33 14 -0.50 30.00 20.00 -2.630 
34 14 -0.25 30.00 10.00 -0.046 
35 14 0.15 1.00 20.00 1. 301 
36 14 0.05 1.00 10.00 1.441 
37 14 o.oo 1.00 0.00 0.079 
38 14 o.oo 1.00 0.00 0.000 
39 14 0.00 1.00 0.00 0.000 
40 14 0.00 1.00 0.00 0.000 
1 15 0.00 1.00 o.oo 0.000 
2 15 o.oo 1.00 0.00 0.000 
3 15 o.oo 1.00 0.00 0.000 
4 15 0.00 1.00 0.00 0.000 
5 15 o.oo 1.00 0.00 0.000 
6 15 o.oo 1.00 0.00 0.000 
7 15 o.oo 1.00 0.00 0.000 
8 15 o.oo 1.00 0.00 0.000 
9 15 0.00 1.00 0.00 0.000 
10 15 0.00 1.00 0.00 0.000 
11 15 o.oo 1.00 0.00 -0.161 
12 15 0.00 1.00 o.oo -0.161 
13 15 o.oo 1. 00 0.00 -0.161 
14 15 o.oo 1. 00 0.00 0.000 
15 15 0.00 1.00 0.00 0.000 





















































































































































































































































































































COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
1 
(g/cm~3) (m) (m) (mgal) 
-'l 25 16 -0.50 30.00 25.00 -2.814 
•':- 26 16 -0.50 30.00 25.00 -2.939 
i 27 16 -0.50 30.00 20.00 -2.685 
j 28 16 -0.40 30.00 20.00 -1. 588 29 16 0.05 1.00 10.00 -0.326 
30 16 0 .15 1.00 15.00 0.758 
31 16 0 .15 1.00 20.00 -0.137 
32 16 0.05 1. 00 10.00 -1.390 
33 16 -0.25 30.00 20.00 -1.674 
~ 34 16 0.10 1.00 10.00 -0.132 35 16 0.00 1.00 0.00 0.851 36 16 0.00 1.00 o.oo 0.795 
~ 37 16 0.00 1.00 o.oo 0.040 
\ 
38 16 0.00 1.00 0.00 -0.141 
39 16 -0.30 30.00 10.00 -0.281 
I 40 16 0.00 1.00 o.oo -0.281 
r 
I 1 17 0.00 1.00 0.00 0.000 2 17 0.00 1.00 0.00 0.000 3 17 0.00 1.00 0.00 0.000 4 17 o.oo 1.00 0.00 0.000 5 17 0.00 1. 00 0.00 0.000 
6 17 0.00 1. 00 0.00 0.000 
7 17 0.00 1. 00 0.00 0.000 
8 17 0.00 1. 00 0.00 0.000 
' 
9 17 0.00 1.00 0.00 0.000 
10 17 o.oo 1.00 0.00 0.000 
11 17 0.00 1.00 0.00 0.000 
12 17 o.oo 1.00 0.00 0.000 
' l 13 17 o.oo 1.00 0.00 0.000 
. ) 14 17 o.oo 1.00 0.00 -0.180 
15 17 0.00 1.00 0.00 -0.449 
16 17 0.00 1.00 o.oo -0.865 
17 17 0.00 1.00 0.00 -1. 331 
18 17 -0.50 70.00 15.00 -1.708 
19 17 -0.50 70.00 15.00 -1.344 
20 17 o.oo 1.00 o.oo -0.541 
21 17 0 .10 1.00 10.00 2.233 
22 17 0.20 1.00 25.00 1. 753 
23 17 -0.35 30.00 10.00 1.026 
24 17 -0.35 30.00 10.00 -1.786 
25 17 -0.30 30.00 10.00 -1.902 
26 17 -0.30 30.00 10.00 -1.848 
27 17 -0.25 30.00 10.00 -1. 615 
28 17 -0.20 30.00 10.00 -0.860 
29 17 o.oo 1.00 0.00 -0.127 
30 17 0.10 1.00 10.00 0.710 
31 17 0.15 1.00 15.00 0.153 







COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
33 17 -0.20 30.00 10.00 -0.830 
34 17 0.00 1. 00 0.00 -0.473 
35 17 0.00 1.00 0.00 -0.437 
36 17 0.00 1. 00 o.oo -0.778 
37 17 0.00 1. 00 0.00 -1. 029 
38 17 0.00 1.00 0.00 -0.904 
39 17 o.oo 1.00 0.00 -0.702 
40 17 -0.30 30.00 10.00 -0.361 
1 18 0.00 1.00 0.00 0.000 
2 18 0.00 1.00 0.00 0.000 
3 18 0.00 1.00 0.00 0.000 
4 18 0.00 1.00 0.00 0.000 
5 18 0.00 1.00 0.00 0.000 
6 18 0.00 1.00 0.00 0.000 
7 18 0.00 1.00 0.00 0.000 
8 18 0.00 1.00 o.oo 0.000 
9 18 0.00 1.00 0.00 0.000 
10 18 0.00 1.00 0.00 0.000 
11 18 0.00 1.00 0.00 0.000 
12 18 0.00 1.00 0.00 0.000 
13 18 0.00 1.00 o.oo 0.000 
14 18 0.00 1.00 0.00 -0.360 
15 18 -0.40 50.00 10.00 -0.898 
16 18 -0.40 50.00 15.00 -1.214 
17 18 -0.35 50.00 10.00 -1.177 
18 18 o.oo 1. 00 0.00 -0.962 
19 18 0.00 1. 00 0.00 -0.619 
20 18 o.oo 1. 00 0.00 -0.137 
21 18 o.oo 1. 00 0.00 1.558 
22 18 0.05 1. 00 5.00 1. 368 
23 18 0.00 1. 00 0.00 1. 059 
24 18 0.05 1. 00 5.00 -0.422 
25 18 0.05 1. 00 15.00 -0.332 
26 18 0.10 1. 00 15.00 -0.233 
27 18 0.10 1. 00 15.00 -0.205 
28 18 0.05 1.00 5.00 -0.065 
29 18 0.10 1.00 15.00 0.105 
30 18 0.05 1.00 10.00 -0.075 
31 18 -0.40 30.00 15.00 -1. 195 
32 18 -0.50 30.00 15.00 -1. 538 
33 18 -0.25 40.00 5.00 -1.358 
34 18 -0.35 40.00 5.00 -0.404 
35 18 -0.40 40.00 5.00 -0.516 
36 18 -0.50 40.00 15.00 -0.778 
37 18 -0.50 40.00 15.00 -1.029 
38 18 -0.50 40.00 15.00 -0.842 
39 18 -0.35 40.00 5.00 -0.640 




COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmh3) (m) (m) (mgal) 
1 19 0.00 1. 00 o.oo 0.000 
2 19 0.00 1. 00 0.00 0.000 
3 19 0.00 1. 00 0.00 0.000 
4 19 0.00 1. 00 o.oo 0.000 
5 19 0.00 1. 00 o.oo 0.000 
6 19 0.00 1. 00 0.00 0.000 
7 19 0.00 1.00 o.oo 0.000 
8 19 0.00 1.00 0.00 0.000 
9 19 0.00 1.00 o.oo 0.000 
10 19 0.00 1.00 0.00 0.000 
11 19 0.00 1.00 0.00 0.014 
12 19 0.00 1.00 0.00 0.027 
13 19 0.00 1.00 o.oo 0.027 
14 19 0.00 1.00 0.00 -0.402 
15 19 -0.40 50.00 10.00 -1.221 
16 19 -0.40 50.00 15.00 -1.586 
17 19 -0.35 50.00 10.00 -1.174 
18 19 0.00 1.00 o.oo -0.371 
19 19 0.00 1.00 0.00 0.027 
20 19 0.10 1.00 5.00 0.146 
21 19 0.10 1.00 10.00 0.160 
22 19· 0.00 1.00 0.00 0 .133 
23 19 0.00 1.00 0.00 0.027 
24 19 0.00 1.00 0.00 0.047 
25 19 0.00 1.00 0.00 0.037 
26 19 0.00 1.00 0.00 -0.087 
27 19 0.00 1.00 0.00 -0.194 
28 19 0.00 1.00 o.oo -o. 118 
29 19 0.00 1.00 0.00 0.032 
30 19 0.00 1.00 0.00 -0.494 
31 19 -0.35 40.00 5.00 -1. 816 
32 19 -0.50 40.00 25.00 -2.170 
33 19 -0.35 40.00 5.00 -1.654 
34 19 o.oo 1.00 0.00 -0.376 
35 19 0.00 1.00 0.00 -0.357 
36 19 o.oo 1.00 0.00 -0.619 
37 19 0.00 1.00 o.oo -0.989 
38 19 0.00 1. 00 o.oo -0.920 
39 19 -0.35 40.00 5.00 -0.580 
40 19 0.00 1. 00 0.00 -0.242 
1 20 0.00 1. 00 0.00 0.000 
2 20 0.00 1. 00 0.00 0.000 
3 20 0.00 1. 00 0.00 0.000 
4 20 0.00 1.00 0.00 0.000 
5 20 0.00 1. 00 0.00 0.000 
6 20 0.00 1.00 0.00 -0.158 
7 20 o.oo 1.00 0.00 -0.158 
8 20 0.00 1.00 0.00 -0.158 
""I ':'< 
344 
COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
9 20 o.oo 1.00 0.00 0.000 
10 20 o.oo 1.00 o.oo 0.000 
11 20 o.oo 1.00 0.00 0.054 
12 20 0.05 1.00 5.00 1.428 
13 20 0.05 1.00 5.00 1.428 
14 20 o.oo 1.00 0.00 1.137 
15 20 -0.25 50.00 5.00 -0.773 
16 20 -0.40 50.00 15.00 -1.186 
17 20 -0.25 50.00 5.00 -0.952 
18 20 0.00 1.00 0.00 -0.337 
19 20 0.00 1.00 0.00 0.133 
20 20 0.00 1.00 o.oo 0.279 
21 20 0.05 1.00 10.00 0.299 
22 20 o.oo 1.00 0.00 0.245 
23 20 o.oo 1.00 0.00 0.099 
24 20 o.oo 1.00 0.00 -0.078 
25 20 0.00 1.00 0.00 -0.232 
26 20 -0.35 70.00 5.00 -0.407 
27 20 -0.40 60.00 10.00 -0.284 
28 20 -0.40 70.00 5.00 0.001 
29 20 0.00 1.00 0.00 0.311 
30 20· 0.00 1.00 0.00 -0.137 
31 20 -0.35 40.00 15.00 -1.409 
32 20 -0.50 40.00 15.00 -2.014 
33 20 -0.40 40.00 10.00 -1.536 
34 20 0.00 1.00 0.00 -0.177 
35 20 0 .15 1.00 10.00 0.437 
36 20 0.05 1.00 10.00 0.437 
37 20 o.oo 1.00 0.00 0.245 
38 20 0.00 1.00 o.oo -0.055 
39 20 -0.35 40.00 5.00 -0.135 
40 20 0.00 1.00 o.oo -0.162 
1 21 o.oo 1.00 0.00 0.000 
2 21 0.00 1.00 o.oo 0.000 
3 21 o.oo 1.00 0.00 0.000 
4 21 0.00 1. 00 0.00 0.000 
5 21 o.oo 1. 00 0.00 0.000 
6 21 o.oo 1. 00 0.00 -0.158 
7 21 -0.35 50.00 10.00 -0.494 
8 21 O.bO 1.00 0.00 -0.697 
9 21 o.oo 1.00 0.00 -0.719 
10 21 o.oo 1.00 0.00 .-0. 484 
11 21 0.00 1.00 0.00 -0.295 
12 ~· 0.15 1.00 5.00 1.258 ,<; .l 
13 21 0.20 1.00 25.00 1.281 
14 21 0.00 1.00 0.00 1.182 
15 21 0.00 1.00 0.00 -0.503 
16 21 0.00 1.00 0 .. 00 -0.680 
Y"J 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
17 21 -0.45 50.00 10.00 -0.570 
18 21 o.oo 1.00 o.oo -0.180 
19 21 0.10 1.00 10.00 0.106 
20 21 0.10 1.00 5.00 0 .173 
21 21 0.10 1.00 5.00 0.233 
22 21 0.15 1.00 15.00 0.139 
23 21 0.00 1.00 o.oo -0.104 
24 21 0.00 1.00 o.oo -o. 618 
25 21 -0.35 60.00 5.00 -1. 002 
26 21 -0.35 60.00 5.00 -0.973 
27 21 o.oo 1.00 0.00 0.391 
28 21 0.20 1.00 15.00 2.107 
29 21 0.20 1.00 15.00 2.586 
30 21 0.20 1.00 15.00 1.275 
31 21 -0.35 30.00 5.00 -0.880 
32 21 -0.50 30.00 10.00 -1.672 
33 21 -0.45 30.00 10.00 -1.273 
34 21 0.10 1.00 10.00 -0.047 
35 21 0.15 1.00 15.00 0.674 
36 21 0.15 1.00 15.00 0.674 
37 21 0.10 1.00 10.00 0.364 
38 21 0.10 1.00 5.00 0.026 
39 21 o.oo 1.00 o.oo -0.054 
40 21 o.oo 1.00 o.oo -0.081 
1 22 o.oo 1.00 o.oo 0.000 
2 22 o.oo 1.00 0.00 0.000 
3 22 o.oo 1.00 o.oo 0.000 
4 22 o.oo 1.00 o.oo 0.000 
5 22 o.oo 1.00 o.oo 0.000 
6 22 0.00 1.00 0.00 -0.158 
7 22 0.00 1.00 o.oo -0.558 
8 22 -0.50 50.00 15.00 -0.847 
9 22 -0.45 50.00 10.00 -0.956 
10 22 -0.40 50.00 10.00 -0.722 
11 22 -0.45 50.00 5.00 -0.462 
12 22 -0.30 50.00 5.00 1.076 
13 22 0.00 1.00 o.oo 1.204 
14 22 -0.35 50.00 5.00 1.274 
15 22 -0.25 50.00 5.00 1.319 
16 22 -0.20 50.00 5.00 1.157 
17 22 o:oo 1.00 o.oo 0.911 
18 22 0.00 1.00 o.oo -0.381 
19 22 0.00 1.00 o.oo -0.207 
20 22 0.00 1.00 o.oo -0.037 
21 22 0.00 1.00 o.oo 0.119 
22 22 0.05 1.00 10.00 0.026 
23 22 -0.30 60.00 5.00 -0.576 
24 22 -0.40 60.00 10.00 -1.693 
r 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
25 22 -0.45 60.00 15.00 -2.513 
26 22 -0.45 60.00 15.00 -2.012 
27 22 o. 10 1.00 5.00 0.138 
28 22 0.25 1. 00 20.00 2.658 
29 22 0.30 1. 00 20.00 3.250 
30 22 0.25 1.00 10.00 1. 960 
31 22 0.00 1.00 0.00 -0.482 
32 22 -0.45 30.00 15.00 -1. 279 
33 22 -0.30 30.00 5.00 -1.117 
34 22 0.00 1.00 0.00 -0.040 
35 22 0.15 1.00 10.00 0.648 
36 22 0.15 1.00 10.00 1. 593 
37 22 0.00 1. 00 0.00 2.158 
38 22 0.00 1.00 0.00 1.820 
39 22 0.00 1.00 0.00 0.875 
40 22 0.00 1. 00 0.00 0.093 
1 23 0.00 1. 00 0.00 0.000 
2 23 0.00 1.00 o.oo 0.000 
3 23 0.00 1.00 0.00 0.000 
4 23 0.00 1.00 0.00 0.000 
5 23 0.00 1.00 0.00 0.000 
6 23 0.00 1.00 0.00 0.000 
7 23 0.00 1.00 o.oo -0.402 
8 23 -0.30 60.00 5.00 -0.689 
9 23 -0.40 60.00 5.00 -1. 220 
10 23 -0.40 60.00 5.00 -1.163 
11 23 -0.30 60.00 5.00 -1.120 
12 23 0.00 1. 00 0.00 -1.028 
13 23 -0.40 60.00 5.00 -0.723 
14 23 0.05 1.00 10.00 -0.396 
15 23 0.15 1.00 15.00 1.437 
16 23 0.20 1.00 25.00 1. 453 
17 23 0.00 1.00 o.oo 1.003 
18 23 -0.30 50.00 15.00 -0.649 
19 23 -0.25 50.00 5.00 -0.704 
20 23 -0.25 50.00 5.00 -0.353 
21 23 -0.25 50.00 5.00 0.103 
22 23 0.05 1.00 10.00 0.058 
23 23 -0.25 50.00 5.00 -0.611 
24 23 -0.50 40.00 20.00 -1. 908 
25 23 -0.50 40.00 25.00 -2.888 
26 23 -0.50 40.00 25.00 -2.336 
27 23 -0.35 50.00 10.00 -0.130 
28 23 0.20 1.00 15.00 2.537 
29 23 0.25 1. 00 30.00 3.009 
30 23 0.20 1. 00 15.00 1.922 
31 23 0.00 1.00 o.oo -0.551 
32 23 -0.45 30.00 15.00 -1.064 
r 
347 
COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm"3) (m) (m) (mgal) 
33 23 -0.25 30.00 5.00 -1.078 
34 23 0.00 1.00 o.oo -0.043 
35 23 0.00 1.00 0.00 0.463 
36 23 0.20 1.00 15.00 1.526 
37 23 0.25 1.00 20.00 2.162 
38 23 0.20 1.00 20.00 1.845 
39 23 0.05 1.00 5.00 0.861 
40 23 0.10 1.00 10.00 0.093 
1 24 0.00 1.00 o.oo 0.000 
2 24 o.oo 1.00 o.oo 0.000 
3 24 0.00 1.00 0.00 0.000 
4 24 0.00 1.00 0.00 0.000 
5 24 0.00 1. 00 0.00 0.000 
6 24 0.00 1. 00 0.00 0.000 
7 24 0.00 1. 00 0.00 -0.067 
8 24 0.00 1.00 0.00 -0.155 
9 24 0.00 1.00 0.00 -0.508 
10 24 -0.40 60.00 15.00 -0.685 
11 24 -0.40 60.00 10.00 -0.773 
12 24 -0.40 60.00 10.00 -1.122 
13 24 -0.40 60.00 20.00 -1.103 
14 24 0.00 1.00 o.oo -0.787 
15 24 0.05 1.00 10.00 1.310 
16 24 0.10 1.00 10. 00 1.207 
17 24 -0.10 50.00 5.00 0.398 
18 24 -0.25 50.00 15.00 -1.557 
19 24 -0.30 50.00 15.00 -1. 611 
20 24 -0.10 50.00 5.00 -0.918 
21 24 0.05 1.00 10.00 0.556 
22 24 0 .15 1.00 10.00 0.980 
23 24 0.00 1. 00 0.00 0.448 
24 24 -0.25 40.00 5.00 -1. 271 
25 24 -0.35 40.00 15.00 -2.120 
26 24 -0.35 40.00 15.00 -2.010 
27 24 0.00 1. 00 o.oo -1. 319 
28 24 0.10 1.00 5.00 -0.080 
29 24 0.15 1. 00 10.00 0.463 
30 24 0.05 1.00 5.00 0.428 
31 24 0.05 1.00 5.00 -0.810 
32 24 -0.40 30.00 15.00 -1.124 
33 24 -0.20 30.00 5.00 -0.996 
34 24 0.00 1.00 o.oo -0.186 
35 24 0.05 1.00 5.00 0.202 
36 2.4 0.10 1.00 10.00 1. 287 
37 24 0.15 1.00 10.00 2.043 
38 24 0.05 1.00 5.00 1. 775 
39 24 o.oo 1.00 0.00 0.791 
40 24 o.oo 1.00 0.00 0.022 
r 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
1 25 0.00 1.00 0.00 0.000 
2 25 0.00 1. 00 o.oo 0.000 
3 25 0.00 1. 00 0.00 0.000 
4 25 0.00 1. 00 0.00 0.000 
5 25 0.00 1. 00 0.00 0.000 
6 25 0.00 1. 00 0.00 0.000 
7 25 0.00 1. 00 0.00 0.000 
8 25 0.00 1.00 0.00 0.000 
9 25 0.00 1.00 0.00 -0.264 
10 25 o.oo 1.00 0.00 -0.440 
11 25 0.00 1.00 o.oo -0.617 
12 25 o.oo 1.00 o.oo -0.967 
13 25 -0.40 60.00 15.00 -1. 115 
14 25 -0.40 60.00 15.00 -0.901 
15 25 0.00 1.00 0.00 -0.254 
16 25 -0.20 50.00 5.00 -0.251 
17 25 -0.45 50.00 15.00 -0.761 
18 25 -0.45 50.00 15.00 -1. 374 
19 25 -0.45 50.00 15.00 -1. 446 
20 25 -0.45 50.00 15.00 -0.903 
21 25 0.05 50.00 15.00 1.118 
22 25 0.20 1.00 20.00 1. 660 
23 25 0.15 1.00 15.00 1.523 
24 25 0.00 1.00 0.00 -0.159 
25 25 0.00 1.00 0.00 -0.538 
26 25 0.00 1.00 0.00 -0.720 
27 25 -0.35 40.00 15.00 -0.688 
28 25 -0.40 40.00 15.00 -0.328 
29 25 0.00 1.00 0.00 -0.075 
30 25 0.00 1.00 0.00 -0.088 
31 25 -0.35 30.00 10.00 -0.763 
32 25 -0.45 30.00 10.00 -0.958 
33 25 -0.30 30.00 5.00 -0.806 
34 25 -0.10 30.00 5.00 -0.325 
35 25 0.00 1.00 0.00 -0.142 
36 25 0.00 1.00 0.00 0.047 
37 25 0.00 1.00 0.00 0.130 
38 25 0.00 1.00 0.00 0.062 
39 25 -0.30 30.00 5.00 -0.057 
40 25 0.00 1.00 0.00 -0.071 
1 26 0.00 1.00 0.00 0.000 
2 26 0.00 1.00 0.00 0.000 
3 26 0.00 1.00 0.00 0.000 
4 2.6 0.00 1.00 o.oo 0.000 
5 26 o.oo 1.00 0.00 0.000 
6 26 0.00 1.00 0.00 0.000 
7 26 0.00 1.00 0.00 0.000 
8 26 o.oo 1.00 0.00 0.000 
·.T1 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
9 26 0.00 1.00 0.00 0.000 
10 26 0.00 1.00 0.00 0.000 
11 26 0.00 1. 00 0.00 0.000 
12 26 0.00 1. 00 0.00 -0.264 
13 26 0.00 1. 00 0.00 -0.591 
14 26 -0.30 60.00 5.00 -0.591 
15 26 0.00 1.00 0.00 -0.373 
16 26 0.00 1.00 0.00 -0.551 
17 26 0.00 1.00 o.oo -0.853 
18 26 0.00 1.00 0.00 -1.187 
19 26 -0.35 50.00 5.00 -1. 059 
20 26 -0.35 50.00 5.00 -0.719 
21 26 0.00 1.00 0.00 0.982 
22 26 0.15 1.00 20.00 1.501 
23 26 0.05 1.00 10.00 1. 461 
24 26 0.00 1.00 0.00 0.139 
25 26 0.00 1.00 0.00 0.000 
26 26 0.00 1.00 0.00 -0.200 
27 26 0.00 1.00 0.00 -0.302 
28 26 0.05 1.00 10.00 -0.223 
29 26 0.00 1.00 o.oo 0.010 
30 2·6 o.oo 1. 00 0.00 -0.122 
31 26 -0.30 30.00 5.00 -0.480 
32 26 -0.30 30.00 5.00 -0.649 
33 26 -0.30 30.00 5.00 -0.487 
34 26 -0.20 30.00 5.00 -0.293 
35 26 -0.35 30.00 5.00 -0.235 
36 26 -0.35 30.00 5.00 -0.165 
37 26 0.00 1.00 0.00 -0.082 
38 26 0.00 1.00 0.00 -0.071 
39 26 o.oo 1.00 0.00 -0.071 
40 26 0.00 1.00 0.00 -0.071 
1 27 0.00 1.00 0.00 0.000 
2 27 0.00 1.00 0.00 0.000 
3 27 0.00 1.00 0.00 0.000 
4 27 o.oo 1.00 o.oo 0.000 
5 27 0.00 1.00 o.oo 0.000 
6 27 0.00 1.00 o.oo 0.000 
7 27 0.00 1.00 o.oo 0.000 
8 27 o.oo 1.00 0.00 0.000 
9 27 o.oo 1.00 0.00 0.000 
10 27 o.oo 1.00 o.oo 0.000 
11 27 0.00 1.00 0.00 0.000 
12 27 0.00 1.00 0.00 0.000 
13 27 0.00 1.00 0.00 -0.067 
14 27 0.00 1.00 0.00 -0.067 
15 27 0.00 1.00 0.00 -0.067 
16 27 0.00 1.00 0.00 -0.539 
Yi 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
17 27 -0.45 50.00 10.00 -0.539 
18 27 o.oo 1.00 0.00 -0.618 
19 27 o.oo 1.00 0.00 -0.159 
20 27 0.00 1.00 0.00 -0. 159 
21 27 0.00 1.00 0.00 0.488 
22 27 0.00 1.00 0.00 0.606 
23 27 0.00 1.00 0.00 0.606 
24 27 0.00 1.00 o.oo 0.040 
25 27 o.oo 1.00 0.00 0.000 
26 27 0.00 1. 00 o.oo 0.053 
27 27 0.05 1. 00 10.00 0.981 
28 27 0.20 1. 00 15.00 1.139 
29 27 0.10 1. 00 10.00 1.132 
30 27 0.05 1. 00 15.00 0 .135 
31 27 0.00 1.00 o.oo -0.095 
32 27 o.oo 1.00 0.00 -0.211 
33 27 0.00 1.00 0.00 -0.188 
34 27 o.oo 1.00 0.00 -0.200 
35 27 o.oo 1.00 0.00 -0.212 
36 27 0.00 1.00 0.00 -0.165 
37 27 0.00 1.00 0.00 -0.082 
38 27 0.00 1.00 0.00 0.000 
39 27 0.00 1.00 0.00 0.000 
40 27 0.00 1. 00 0.00 0.000 
1 28 0.00 1. 00 o.oo 0.000 
2 28 o.oo 1. 00 0.00 0.000 
3 28 0.00 1.00 0.00 0.000 
4 28 0.00 1.00 0.00 0.000 
5 28 0.00 1.00 0.00 0.000 
6 28 0.00 1.00 0.00 0.000 
7 28 0.00 1.00 o.oo 0.000 
8 28 0.00 1.00 0.00 0.000 
9 28 o.oo 1.00 0.00 0.000 
10 28 o.oo 1.00 0.00 0.000 
11 28 o.oo 1. 00 0.00 0.000 
12 28 o.oo 1.00 0.00 0.000 
13 28 o.oo 1.00 o.oo -0.455 
14 28 o.oo 1.00 0.00 -0.455 
15 28 o.oo 1.00 0.00 -0.455 
16 28 0.00 1.00 0.00 -0.539 
17 28 -0.50 50.00 15.00 -0.539 
18 28 0.00 1.00 o.oo -0.539 
19 28 0.00 1.00 0.00 0.000 
20 28 o.oo 1.00 0.00 0.000 
21 28 o.oo 1.00 o.oo 0.000 
22 28 0.00 1.00 0.00 0.000 
23 28 0.00 1.00 0.00 0.000 
24 28 o.oo 1.00 0.00 0.000 
------ ---- -----------------, 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
25 28 0.00 1.00 o.oo 0.000 
26 28 0.00 1.00 o.oo 0.053 
27 28 0.05 1.00 5.00 1.020 
28 28 0.20 1.00 20.00 0.968 
29 28 0.10 1.00 10.00 0.682 
30 28 0.05 1.00 5.00 -0.564 
31 28 0.00 1.00 o.oo -0.513 
32 28 0.00 1.00 o.oo -0.280 
33 28 0.00 1. 00 0.00 0.000 
34 28 o.oo 1.00 o.oo 0.000 
35 28 o.oo 1. 00 o.oo 0.000 
36 28 0.00 1. 00 0.00 0.000 
37 28 0.00 1.00 o.oo 0.000 
38 28 0.00 1.00 o.oo 0.000 
39 28 0.00 1.00 o.oo 0.000 
40 28 0.00 1.00 o.oo 0.000 
1 29 0.00 1.00 o.oo 0.000 
2 29 0.00 1.00 0.00 0.000 
3 29 0.00 1.00 0.00 0.000 
4 29 0.00 1.00 0.00 0.000 
5 29 0.00 1.00 0.00 -0.044 
6 29 0.00 1.00 0.00 -0.089 
7 29 0.00 1.00 0.00 -0.089 
8 29 0.00 1.00 o.oo -0.044 
9 29 0.00 1.00 o.oo 0.000 
10 29 0.00 1.00 0.00 0.000 
11 29 0.00 1.00 0.00 0.000 
12 29 0.00 1.00 o.oo 0.000 
13 29 0.00 1.00 0.00 -0.455 
14 29 -0.50 40.00 20.00 -0.455 
15 29 0.00 1. 00 0.00 -0.455 
16 29 0.00 1. 00 0.00 -0.336 
17 29 o.oo 1.00 o.oo -0.336 
18 29 0.00 1.00 0.00 -0.336 
19 29 0.00 1.00 o.oo 0.000 
20 29 0.00 1.00 0.00 0.000 
21 29 0.00 1.00 o.oo 0.000 
22 29 0.00 1.00 o.oo 0.000 
23 29 0.00 1.00 0.00 0.000 
24 29 0.00 1.00 o.oo 0.000 
25 29 0.00 1.00 o.oo 0.000 
26 29 0.00 1.00 0.00 0.014 
27 29 0.00 1.00 0.00 0.888 
28 29 0.10 1.00 10.00 0.687 
29 29 -0.30 30.00 15.00 -0.169 
30 29 -0.40 30.00 15.00 -1. 898 
31 29 -0.40 30.00 15.00 -1. 864 
32 29 0.00 1.00 0.00 -1. 021 
". 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
33 29 0.00 1.00 0.00 -o. 164 
34 29 0.00 1.00 0.00 0.000 
35 29 0.00 1.00 0.00 0.000 
36 29 0.00 1.00 0.00 0.000 
37 29 0.00 1.00 0.00 0.000 
38 29 0.00 1.00 0.00 0.000 
39 29 0.00 1.00 0.00 0.000 
40 29 0.00 1.00 0.00 0.000 
1 30 0.00 1.00 0.00 0.000 
2 30 o.oo 1.00 0.00 0.000 
3 30 0.00 1.00 0.00 0.000 
4 30 0.00 1.00 0.00 0.000 
5 30 0.00 1.00 0.00 -0.089 
6 30 -0.20 60.00 5.00 -0.332 
7 30 -0.20 60.00 5.00 -0.465 
8 30 0.00 1.00 0.00 -0.376 
9 30 0.00 1.00 o.oo -0.133 
10 30 0.00 1.00 0.00 0.000 
11 30 0.00 1.00 0.00 0.000 
12 30 o.oo 1.00 0.00 0.000 
13 30 0.00 1.00 0.00 -0.455 
14 30 o.oo 1. 00 o.oo -0.455 
15 30 o.oo 1.00 o.oo -0.455 
16 30 o.oo 1.00 o.oo 0.000 
17 30 o.oo 1.00 0.00 0.000 
18 30 0.00 1.00 o.oo 0.000 
19 30 0.00 1.00 0.00 -0.072 
20 30 0.00 1.00 0.00 -0.072 
21 30 o.oo 1.00 0.00 -0.072 
22 30 0.00 1.00 0.00 -0.072 
23 30 0.00 1.00 0.00 -0.072 
24 30 o.oo 1.00 0.00 -0.072 
25 30 0.00 1.00 0.00 0.014 
26 30 0.00 1.00 0.00 0.041 
27 30 0.00 1.00 0.00 0.259 
28 30 0.05 1.00 10.00 -0.021 
29 30 -0.30 30.00 5.00 -1.148 
30 30 -0.50 30.00 25.00 -2.800 
31 30 -0.50 30.00 25.00 -2.979 
32 30 -0.35 30.00 10.00 -1. 878 
33 30 0.00 1.00 0.00 -0.444 
34 30 0.00 1. 00 0.00 0.000 
35 30 0.00 1.00 0.00 0.000 
36 30 o.oo 1.00 0.00 0.000 
37 30 0.00 1. 00 0.00 0.000 
38 30 0.00 1.00 0.00 0.000 
39 30 o.oo 1. 00 0.00 0.000 
40 30 0.00 1.00 0.00 0.000 
.,, .. 
.. 
COLUMN ROW DEN. CON. 
(g/cmA3) 
1 31 o.oo 
2 31 o.oo 
3 31 o.oo 
4 31 o.oo 
5 31 0.00 
6 31 -0.20 
7 31 -0.45 
8 31 -0.30 
9 31 0.00 
10 31 0.00 
11 31 0.00 
12 31 0.00 
13 31 0.00 
14 31 0.00 
15 31 0.00 
16 31 0.00 
17 31 0.00 
18 31 0.00 
19 31 0.00 
20 31 -0.30 
21 31 o.oo 
22 3i 0.00 
23 31 -0.30 
24 31 0.00 
25 31 0.00 
26 31 0.05 
27 31 0.10 
28 31 0.15 
29 31 0.05 
30 31 -0.35 
31 31 -0.50 
32 31 -0.40 
33 31 0.00 
34 31 0.00 
35 31 o.oo 
36 31 0.00 
37 31 o.oo 
38 31 0.00 
39 31 0.00 
40 31 o.oo 
1 32 0.00 
2 32 0.00 
3 32 o.oo 
4 .32 0.00 
5 32 o.oo 
6 32 -0.20 
7 32 -0.20 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
9 32 -0.10 60.00 5.00 -0.242 
10 32 0.00 1.00 0.00 -0.078 
11 32 -0.25 60.00 5.00 -0.055 
12 32 0.00 1.00 0.00 -0.055 
13 32 0.00 1.00 0.00 0.000 
14 32 0.00 1.00 0.00 0.000 
15 32 0.00 1.00 0.00 0.000 
16 32 0.00 1. 00 0.00 0.000 
17 32 0.00 1.00 0.00 -0.133 
18 32 -0.30 60.00 10.00 -0.177 
19 32 -0.20 60.00 5.00 -0.249 
20 32 o.oo 1. 00 0.00 -0.161 
21 32 -0.20 60.00 5.00 -0.283 
22 32 o.oo 1.00 o.oo -o. 3Q6 
23 32 0.00 1.00 0.00 -0.262 
24 32 o.oo 1.00 0.00 -0.003 
25 32 0.10 1.00 10.00 0.120 
26 32 0.05 1.00 5.00 -0.041 
27 32 0.00 1.00 o.oo 0.085 
28 32 0.15 1.00 10.00 0.269 
29 32 0.15 1.00 10.00 0.021 
30 32 -0.35 30.00 10.00 -1. 815 
31 32 -0.50 30.00 25.00 -3.197 
32 32 -0.45 30.00 25.00 -3.089 
33 32 -0.30 30.00 10.00 -1. 474 
34 32 0.00 1.00 0.00 -0.304 
35 32 0.00 1.00 o.oo 0.000 
36 32 0.00 1.00 o.oo 0.000 
37 32 0.00 1.00 o.oo 0.000 
38 32 0.00 1. 00 o.oo 0.000 
39 32 0.00 1.00 o.oo -0.167 
40 32 0.00 1.00 o.oo -0.167 
1 33 o.oo 1. 00 0.00 0.000 
2 33 0.00 1. 00 o.oo 0.000 
3 33 0.00 1.00 0.00 0.000 
4 33 0.00 1.00 o.oo 0.000 
5 33 0.00 1.00 o.oo -0.111 
6 33 -0.20 60.00 5.00 -0.221 
7 33 -0.20 60.00 5.00 -0.307 
8 33 -0~20 60.00 5.00 -0.221 
9 33 0.00 1.00 o.oo -0.111 
10 33 0.00 1.00 o.oo -0.078 
11 33 o.oo 1.00 o.oo -0.055 
12 33 o.oo 1. 00 o.oo -0.055 
13 33 0.00 1.00 0.00 0.000 
14 33 0.00 1.00 0.00 0.000 
15 33 o.oo 1.00 o.oo 0.000 





COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
17 33 0.00 1.00 0.00 -0.133 
18 33 o.oo 1. 00 0.00 -0.177 
19 33 0.00 1.00 0.00 -0.177 
20 33 o.oo 1.00 0.00 -0.089 
21 33 o.oo 1.00 0.00 -0.426 
22 33 -0.35 20.00 10.00 -0.450 
23 33 -0.10 20.00 5.00 -0.405 
24 33 o.oo 1. 00 o.oo 0.069 
25 33 a.as 1.00 5.00 0.059 
26 33 o.oo 1.00 o.oo -0.315 
27 33 -0.40 30.00 10.00 -0.289 
28 33 o.oo 1.00 o.oo -0.057 
29 33 0.10 1.00 10.00 0.154 
30 33 o.oo 1.00 o.oo -1. 050 
31 33 -a.so 30.00 20.00 -2.178 
32 33 -0.40 30.00 20.00 -2.316 
33 33 -0.35 30.00 10.00 -1. 238 
34 33 o.oo 1. 00 0.00 -0.304 
35 33 o.oo 1.00 o.oo 0.000 
36 33 0.00 1.00 0.00 0.000 
37 33 0.00 1.00 0.00 0.000 
38 33 0.00 1.00 0.00 0.000 
39 33 0.00 1.00 0.00 -0.239 
40 33 -0.35 20.00 10.00 -0.239 
1 34 o.oo 1.00 o.oo 0.000 
2 34 o.oo 1.00 o.oo 0.000 
3 34 o.oo 1.00 0.00 0.000 
4 34 0.00 1.00 o.oo 0.000 
5 34 o.oo 1.00 0.00 -0.067 
6 34 -0.10 60.00 5.00 -0.133 
7 34 -0.10 60.00 5.00 -0.177 
8 34 o.oo 1. 00 0.00 -0.111 
9 34 o.oo 1.00 0.00 -0.044 
10 34 o.oo 1.00 0.00 0.014 
11 34 0.00 1.00 0.00 0.014 
12 34 o.oo 1.00 o.oo 0.014 
13 34 o.oo 1. 00 o.oo 0.014 
14 34 o.oo 1.00 0.00 0.014 
15 34 o.oo 1.00 0.00 0.027 
16 34 o.oo 1.00 0.00 0.014 
17 34 o.oo 1.00 0.00 -0.058 
18 34 o.oo 1.00 o.oo -0.032 
19 34 o.oo 1. 00 0.00 0.067 
20 34 0.00 1.00 0.00 0.139 
21 34 0.00 1.00 0.00 -0.353 
22 34 -0.45 20.00 10.00 -0.476 
23 34 0.00 1.00 0.00 -0.476 
24 34 o.oo 1. 00 0.00 -0.010 
--Y' 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
25 34 0.00 1.00 o.oo -0.034 
26 34 -0.20 30.00 5.00 -0.478 
27 34 -0.40 30.00 10.00 -0.492 
28 34 0.00 1.00 0.00 -0.366 
29 34 0.00 1. 00 0.00 0.079 
30 34 0.00 1.00 0.00 -0.430 
31 34 -0.20 30.00 5.00 -0.924 
32 34 -0.20 30.00 5.00 -1.086 
33 34 0.00 1.00 0.00 -0.580 
34 34 0.00 1.00 0.00 -0.164 
35 34 0.00 1.00 0.00 0.000 
36 34 0.00 1.00 0.00 0.000 
37 34 0.00 1.00 0.00 0.000 
38 34 0.00 1.00 0.00 0.000 
39 34 0.00 1.00 0.00 -0.239 
40 34 -0.30 20.00 5.00 -0.239 
1 35 0.00 1. 00 o.oo 0.000 
2 35 0.00 1. 00 o.oo 0.000 
3 35 0.00 1.00 0.00 0.000 
4 35 0.00 1.00 0.00 0.000 
5 35 0.00 1.00 0.00 -0.022 
6 35 0.00 1.00 o.oo -0.044 
7 35 0.00 1.00 o.oo -0.044 
8 35 0.00 1. 00 0.00 -0.022 
9 35 0.00 1.00 0.00 0.000 
10 35 o.oo 1.00 0.00 0. 014 
11 35 0.05 1.00 5.00 0.014 
12 35 0.00 LOO 0.00 0.014 
13 35 0.00 LOO 0.00 0.014 
14 35 0.05 1.00 5.00 0.014 
15 35 0.00 1. 00 0.00 0.027 
16 35 0.05 1.00 5.00 -0.080 
17 35 0.00 1.00 0.00 -0.246 
18 35 -0.30 20.00 5.00 -0.220 
19 35 0.05 1.00 10.00 0.053 
20 35 0.15 1.00 15.00 0.218 
21 35 0.00 1.00 0.00 -0.107 
22 35 -0.30 20.00 5.00 -0.286 
23 35 0.00 1.00 0.00 -0.286 
24 35 0.00 1.00 0.00 0.000 
25 35 0.00 1.00 o.oo -0.047 
26 35 0.00 1.00 0.00 -0.305 
27 35 -0.30 20.00 5.00 -0.425 
28 35 0.00 1.00 0.00 -0.627 
29 35 0.00 1.00 o.oo -0.464 
30 35 0.00 1. 00 0.00 -0.392 
31 35 o.oo 1.00 o.oo -0.190 
32 35 0.00 1.00 o.oo -0.094 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm''3) (m) (m) (mgal) 
33 35 o.oo 1.00 o.oo -0.047 
34 35 o.oo 1.00 o.oo 0.000 
35 35 0.00 1.00 o.oo 0.000 
36 35 o.oo 1.00 o.oo 0.000 
37 35 o.oo 1.00 0.00 0.000 
38 35 o.oo 1.00 o.oo 0.000 
39 35 o.oo 1.00 o.oo -0.072 
40 35 0.00 1.00 o.oo -0.072 
1 36 0.00 1.00 o.oo 0.000 
2 36 0.00 1.00 o.oo 0.000 
3 36 o.oo 1.00 o.oo 0.000 
4 36 o.oo 1.00 o.oo 0.000 
5 36 o.oo 1.00 o.oo 0.000 
6 36 o.oo 1.00 o.oo 0.000 
7 36 0.00 1.00 o.oo 0.000 
8 36 o.oo 1.00 0.00 0.000 
9 36 o.oo 1.00 o.oo 0.000 
10 36 o.oo 1.00 o.oo 0.014 
11 36 o.oo 1.00 o.oo 0.014 
12 36 o.oo 1.00 o.oo 0.014 
13 36 o.oo 1.00 o.oo 0.014 
14 36 o.oo 1.00 0.00 0.014 
15 36 0.00 1.00 o.oo 0.027 
16 36 0.00 1.00 0.00 -0.244 
17 36 -0.20 30.00 10.00 -0.410 
18 36 -0.20 30.00 10.00 -0.384 
19 36 0.00 1.00 0.00 0.053 
20 36 0.10 1.00 10.00 0.218 
21 36 0.00 1.00 0.00 0.107 
22 36 0.00 1.00 0.00 -0.239 
23 36 0.00 1.00 o.oo -0.406 
24 36 o.oo 1.00 0.00 -0.334 
25 36 o.oo 1.00 o.oo -0.127 
26 36 o.oo 1.00 0.00 0.047 
27 36 o.oo 1.00 0.00 -0.072 
28 36 -0.25 20.00 10.00 -0.682 
29 36 -0.35 20.00 15.00 -0.904 
30 36 -0.20 20.00 10.00 -0.785 
31 36 0.00 1.00 0.00 -0.215 
32 36 0.00 1.00 0.00 0.000 
33 36 0.00 1.00 o.oo 0.000 
34 36 0.00 1.00 0.00 0.000 
35 36 0.00 1.00 o.oo 0.000 
36 36 0.00 1.00 0.00 -0.191 
37 36 0.00 1.00 o.oo -0.191 
38 36 0.00 1.00 o.oo -0.191 
39 36 o.oo 1.00 0.00 0.000 
40 36 o .. oo 1.00 0.00 0.000 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
1 37 o.oo 1.00 0.00 0.000 
2 37 0.00 1.00 o.oo 0.000 
3 37 o.oo 1.00 o.oo 0.000 
4 37 0.00 1.00 o.oo 0.000 
5 37 o.oo 1.00 o.oo 0.000 
6 37 o.oo 1.00 o.oo 0.000 
7 37 o.oo 1.00 o.oo 0.000 
8 37 o.oo 1.00 0.00 0.000 
9 37 0.00 1.00 o.oo 0.000 
10 37 o.oo 1.00 o.oo 0.000 
11 37 o.oo 1. 00 o.oo 0.000 
12 37 0.00 1.00 o.oo 0.000 
13 37 o.oo 1.00 o.oo 0.000 
14 37 o.oo 1.00 0.00 0.000 
15 37 0.00 1.00 o.oo 0.000 
16 37 0.00 1. 00 0.00 -0.339 
17 37 -0.35 30.00 10.00 -0.433 
18 37 o.oo 1.00 o.oo -0.433 
19 37 0.00 1.00 o.oo -0.014 
20 37 0.00 1.00 0.00 0.093 
21 37 o.oo 1.00 o.oo 0.093 
22 37 0.00 1.00 0.00 -0.154 
23 37 -0.35 20.00 10.00 -0.334 
24 37 -0.35 20.00 10.00 -0.307 
25 37 o.oo 1.00 o.oo 0.059 
26 37 0.05 1.00 10.00 1.250 
27 37 0.10 1. 00 10.00 1.261 
28 37 0.00 1.00 o.oo 0.519 
29 37 -0.45 20.00 15.00 -0.885 
30 37 -0.25 20.00 10.00 -0.925 
31 37 0.00 1.00 o.oo -0.355 
32 37 o.oo 1.00 o.oo 0.041 
33 37 0.00 1.00 o.oo 0.041 
34 37 0.00 1.00 0.00 -0.057 
35 37 0.00 1.00 0.00 -0.141 
36 37 o.oo 1.00 o.oo -0.330 
37 37 -0.40 20.00 10.00 -0.261 
38 37 0.00 1.00 0.00 -0.191 
39 37 0.00 1.00 0.00 0.000 
40 37 0.00 1.00 o.oo 0.000 
1 38 0.00 1.00 o.oo 0.000 
2 38 0.00 1.00 o.oo 0.000 
3 38 0.00 1.00 o.oo 0.000 
4 38 0.00 1.00 0.00 0.000 
5 38 0.00 1.00 0.00 0.000 
6 38 o.oo 1.00 0.00 0.000 
7 38 o.oo 1.00 0.00 0.000 
8 38 0.00 1.00 0.00 0.000 
T! 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
9 38 0.00 1.00 0.00 0.000 
10 38 0.00 1.00 0.00 0.000 
11 38 0.00 1.00 0.00 0.000 
12 38 0.00 1.00 o.oo 0.000 
13 38 0.00 1. 00 0.00 0.000 
14 38 0.00 1. 00 0.00 0.000 
15 38 0.00 1. 00 o.oo 0.000 
16 38 0.00 1. 00 0.00 -0.246 
17 38 -0.35 30.00 5.00 -0.246 
18 38 0.00 1.00 0.00 -0.246 
19 38 0.00 1.00 0.00 0.000 
20 38 0.00 1.00 0.00 0.014 
21 38 0.05 1.00 5.00 0.014 
22 38 0.00 1.00 0.00 -0.154 
23 38 0.00 1.00 0.00 -0.334 
24 38 0.00 1.00 0.00 -0.307 
25 38 0.10 1.00 5.00 0.138 
26 38 0.20 1.00 10.00 1.461 
27 38 0.25 1.00 20.00 1.670 
28 38 0.20 1.00 10.00 1.099 
29 38 0.10 1.00 5.00 -0.342 
30 38 -0.35 20.00 10.00 -0.580 
31 38 0.00 1.00 o.oo -0.140 
32 38 0.10 1.00 5.00 0.160 
33 38 0.05 1.00 5.00 0.160 
34 38 0.00 1. 00 0.00 -0.057 
35 38 -0.30 30.00 5.00 -0.141 
36 38 -0.30 30.00 5.00 -0.330 
37 38 0.00 1. 00 0.00 -0.261 
38 38 0.00 1. 00 o.oo -0.191 
39 38 0.00 1.00 0.00 0.000 
40 38 0.00 1.00 0.00 0.000 
1 39 0.00 1.00 0.00 0.000 
2 39 o.oo 1.00 0.00 0.000 
3 39 0.00 1.00 0.00 0.000 
4 39 0.00 1.00 o.oo 0.000 
5 39 o.oo 1.00 0.00 0.000 
6 39 0.00 1.00 o.oo 0.000 
7 39 o.oo 1.00 0.00 0.000 
8 39 o:oo 1.00 0.00 0.000 
9 39 o.oo 1.00 0.00 0.000 
10 39 0.00 1.00 o.oo 0.000 
11 39 0.00 1.00 0.00 0.000 
12 39 o.oo 1.00 0.00 0.000 
13 39 0.00 1.00 o.oo 0.000 
14 39 0.00 1.00 0.00 0.000 
15 39 0.00 1.00 0.00 0.000 
16 39 0.00 1.00 0.00 -0.082 
·y· ... ·1. ' ' 
-- - - ~-~--------------, 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
17 39 0.00 1.00 0.00 -0.082 
18 39 0.00 1.00 o.oo -0.082 
19 39 0.00 1. 00 0.00 -0.094 
20 39 0.00 1.00 0.00 -0.081 
21 39 o.oo 1.00 0.00 -0.081 
22 39 o.oo 1.00 0.00 0.014 
23 39 0.00 1.00 0.00 0.000 
24 39 0.00 1.00 0.00 0.027 
25 39 o.oo 1.00 o.oo 0.265 
26 39 0.10 1.00 10.00 1.420 
27 39 0.20 1.00 15.00 1.630 
28 39 0.10 1.00 10.00 1. 419 
29 39 0.00 1.00 o.oo 0.098 
30 39 0.00 1.00 0.00 -0.140 
31 39 0.00 1.00 o.oo 0.079 
32 39 0.15 1.00 10.00 0.259 
33 39 o.oo 1.00 0.00 0.259 
34 39 0.00 1. 00 0.00 -0.057 
35 39 0.00 1.00 0.00 -0.141 
36 39 0.00 1. 00 0.00 -0.141 
37 39 o.oo 1.00 0.00 -0.071 
38 39 0.00 1.00 o.oo 0.000 
39 39 0.00 1.00 0.00 0.000 
40 39 0.00 1.00 o.oo 0.000 
1 40 0.00 1.00 0.00 0.000 
2 40 o.oo 1.00 o.oo 0.000 
3 40 0.00 1. 00 0.00 0.000 
4 40 o.oo 1.00 0.00 0.000 
5 40 0.00 1.00 0.00 0.000 
6 40 0.00 1.00 0.00 0.000 
7 40 0.00 1.00 o.oo 0.000 
8 40 o.oo 1.00 0.00 0.000 
9 40 0.00 1.00 o.oo 0.000 
10 40 0.00 1.00 0.00 0.000 
11 40 0.00 1.00 0.00 0.000 
12 40 0.00 1.00 o.oo 0.000 
13 40 0.00 1. 00 o.oo 0.000 
14 40 0.00 1.00 o.oo 0.000 
15 40 o.oo 1.00 0.00 0.000 
16 40 0.00 1.00 o.oo 0.000 
17 40 0.00 1. 00 0.00 0.000 
18 40 o.oo 1.00 0.00 0.000 
19 40 0.00 1.00 0.00 -0.094 
20 40 -0.40 30.00 5.00 -0.094 
21 40 o.oo 1.00 0.00 -0.094 
22 40 0.00 1.00 0.00 0.000 
23 40 0.00 1.00 o.oo 0.000 
24 40 o.oo 1.00 o.oo 0.000 
.. ,,,I 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmh3) (m) (m) (mgal) 
25 40 0.00 1.00 0.00 0.079 
26 40 o.oo 1.00 0.00 0.207 
27 40 0.10 1.00 10.00 0.076 
28 40 o.oo 1. 00 o.oo -0.214 
29 40 o.oo 1.00 o.oo -0.342 
30 40 o.oo 1.00 0.00 -0.197 
31 40 0.00 1.00 o.oo 0.311 
32 40 0.15 1.00 15.00 0.311 
33 40 o.oo 1.00 o.oo 0.298 
34 40 0.00 1.00 o.oo -0.141 
35 40 o.oo 1.00 o.oo -0.141 
36 40 o.oo 1.00 o.oo -0.141 
37 40 o.oo 1.00 o.oo 0.000 
38 40 o.oo 1.00 o.oo 0.000 
39 40 o.oo 1.00 o.oo 0.000 
40 40 0.00 1.00 o.oo 0.000 
1 41 o.oo 1.00 o.oo 0.000 
2 41 0.00 1.00 o.oo 0.000 
3 41 0.00 1. 00 o.oo 0.000 
4 41 0.00 1.00 o.oo 0.000 
5 41 0.00 1.00 o.oo 0.000 
6 4·1 0.00 1.00 o.oo 0.000 
7 41 0.00 1.00 o.oo 0.000 
8 41 0.00 1.00 o.oo 0.000 
9 41 0.00 1.00 o.oo 0.000 
10 41 0.00 1. 00 o.oo 0.000 
11 41 o.oo 1.00 o.oo 0.000 
12 41 0.00 1.00 o.oo 0.000 
13 41 0.00 1.00 o.oo 0.000 
14 41 0.00 1.00 0.00 0.000 
15 41 0.00 1.00 o.oo 0.079 
16 41 o.oo 1.00 0.00 0.079 
17 41 o.oo 1.00 o.oo 0.079 
18 41 0.00 1. 00 o.oo 0.000 
19 41 0.00 1. 00 o.oo -0.094 
20 41 0.00 1.00 o.oo -0.094 
21 41 0.00 1.00 o.oo -0.015 
22 41 0.00 1.00 o.oo 0.079 
23 41 0.00 1.00 o.oo 0.079 
24 41 o.oo 1.00 o.oo 0.000 
25 41 0.00 1.00 o.oo 0.000 
26 41 0.00 1.00 0.00 -0.004 
27 41 -0.35 20.00 5.00 -0.215 
28 41 -0.45 30.00 10.00 -0.529 
29 41 -0.45 30.00 10.00 -0.526 
30 41 o.oo 1.00 o.oo -0.303 
31 41 0.05 1.00 5.00 0 .192 








































































































DEPTH THICKNESS CALC. GRAV. 
(m) (m) (mgal) 
1. 00 o.oo 0.179 
1. 00 o.oo -0.605 
30.00 10.00 -0.605 
1.00 o.oo -0.605 
1.00 o.oo 0.000 
1. 00 0.00 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1. 00 0.00 0.000 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1. 00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.079 
1.00 10.00 0.079 
1. 00 o.oo 0.079 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.079 
1.00 10.00 0.093 
1.00 o.oo 0.093 
1.00 0.00 0 .014 
1.00 o.oo 0.000 
1.00 0.00 -0.084 
1.00 o.oo -0.295 
1.00 0.00 -0.609 
30.00 5.00 -0.526 
1.00 0.00 -0.303 
1.00 o.oo 0.093 
1.00 o.oo 0.093 
1.00 0.00 0.079 
1.00 0.00 -0.792 
30.00 20.00 -0.792 
1.00 0.00 -0.792 
1.00 o.oo 0.000 
1. 00 o.oo 0.000 
1. 00 o.oo 0.000 







































































































DEPTH THICKNESS CALC. GRAV. 
(m) (m) (mgal) 
1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 0.00 -0.086 
1.00 o.oo -0.086 
1.00 o.oo -0.086 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 0.00 0.079 
1.00 0.00 0.079 
1.00 0.00 0.079 
1.00 0.00 0.000 
1.00 0.00 0.000 
1. 00 0.00 0.000 
1. 00 0.00 0.079 
1.00 o.oo 0.093 
1.00 5.00 0.093 
1.00 o.oo 0.014 
1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 0.00 -0.106 
1.00 0.00 -0.106 
1.00 0.00 -0.106 
1.00 o.oo 0.000 
1.00 0.00 0.000 
1.00 0.00 0.000 
1. 00 0.00 -0.815 
30.00 10.00 -1.026 
1.00 0.00 -1. 026 
1.00 0.00 -0.211 
'1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 0.00 0.000 
1.00 0.00 -0.086 
1.00 o.oo -0.086 
1.00 o.oo 0.000 
1.00 0.00 0.000 
1.00 o.oo 0.000 
1.00 o.oo 0.000 
1.00 o.oo -0.024 
1.00 o.oo -0. 195 
'Yi - --- - - -----------------, 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
9 44 -0.35 10.00 5.00 -0.195 
10 44 0.00 l. 00 0.00 -0.091 
11 44 o.oo l. 00 0.00 0.079 
12 44 0.00 1.00 0.00 0.079 
13 44 0.00 1.00 0.00 0.000 
14 44 0.00 1.00 o.oo 0.000 
15 44 0.00 1.00 o.oo 0.000 
16 44 o.oo 1.00 o.oo -0.061 
17 44 0.00 1.00 0.00 -0.110 
18 44 0.00 1.00 0.00 -0.110 
19 44 0.00 1.00 o.oo -0.049 
20 44 0.00 1.00 o.oo 0.000 
21 44 0.00 1. 00 o.oo 0.000 
22 44 0.00 1.00 o.oo 0.014 
23 44 0.00 1.00 o.oo -0.011 
24 44 0.00 1.00 o.oo -0.072 
25 44 0.00 1.00 0.00 -0.231 
26 44 o.oo 1.00 0.00 -0.402 
27 44 -0.20 10.00 10.00 -0.340 
28 44 -0.20 10.00 10.00 -0.195 
29 44 o.oo 1.00 0.00 0.000 
30 4·4 o.oo 1.00 0.00 -0.024 
31 44 0.00 1.00 0.00 -0.024 
32 44 0.00 1. 00 o.oo -0.024 
33 44 0.00 1.00 0.00 0.040 
34 44 0.00 1.00 0.00 -0.312 
35 44 -0.35 30.00 10.00 -0.522 
36 44 -0.45 30.00 10.00 -0.562 
37 44 0.00 1. 00 0.00 -0.211 
38 44 o.oo 1. 00 0.00 0.000 
39 44 o.oo 1. 00 0.00 0.000 
40 44 0.00 1.00 0.00 0.000 
1 45 -0.35 10.00 s.oo -0.171 
2 45 0.00 1.00 o.oo -0.171 
3 45 o.oo 1. 00 o.oo 0.000 
4 45 0.00 1. 00 o.oo 0.000 
5 45 o.oo 1.00 0.00 0.000 
6 45 0.00 1.00 o.oo 0.000 
7 45 0.00 1.00 0.00 -0.049 
8 45 -0.10 10.00 5.00 -0.327 
9 45 -0.35 10.00 5.00 -0.327 
10 45 o.oo 1. 00 o.oo -0.101 
11 45 0.10 1. 00 10.00 0.179 
12 45 0.00 1.00 o.oo 0.179 
13 45 0.00 1.00 o.oo 0.000 
14 45 o.oo 1. 00 o.oo 0.000 
15 45 0.00 1.00 o.oo 0.000 




COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
17 45 -0.25 10.00 5.00 -0.231 
18 45 -0.20 10.00 5.00 -0.231 
19 45 0.00 1.00 0.00 -0.110 
20 45 o.oo 1. 00 0.00 0.000 
21 45 0.00 1. 00 0.00 0.000 
22 45 0.00 1.00 0.00 0.000 
23 45 0.00 1.00 0.00 -0.049 
24 45 -0.10 10.00 5.00 -0.170 
25 45 -0.30 10.00 10.00 -0.411 
26 45 -0.35 10.00 15.00 -0.652 
27 45 -0.45 10.00 15.00 -0.533 
28 45 o.oo 1.00 o.oo -0.291 
29 45 0.00 1.00 0.00 0.000 
30 45 0.00 1.00 0.00 -0.085 
31 45 -0.10 10.00 5.00 -0.085 
32 45 0.00 1.00 o.oo -0.085 
33 45 0.00 1.00 o.oo 0.040 
34 45 0.05 1.00 10.00 -0.124 
35 45 o.oo 1. 00 0.00 -0.335 
36 45 0.00 1.00 0.00 -0.375 
37 45 o.oo 1.00 0.00 -0.211 
38 45 o.oo 1.00 0.00 0.000 
39 45 0.00 1.00 0.00 0.000 
40 45 o.oo 1.00 0.00 0.000 
1 46 -0.35 10.00 5.00 -0.231 
2 46 0.00 1.00 0.00 -0.231 
3 46 0.00 1.00 0.00 0.000 
4 46 0.00 1.00 0.00 0.000 
5 46 0.00 1.00 0.00 0.000 
6 46 0.00 1.00 0.00 0.000 
7 46 0.00 1.00 0.00 -0.049 
8 46 -0.10 10.00 5.00 -0.352 
9 46 -0.45 10.00 5.00 -0.352 
10 46 0.00 1.00 0.00 -0.125 
11 46 0.15 1.00 15.00 0.179 
12 46 0.00 1.00 0.00 0.179 
13 46 0.00 1.00 0.00 0.000 
14 46 o.oo 1.00 0.00 0.000 
15 46 0.00 1.00 0.00 -0.061 
16 46 0.00 1.00 0.00 -0.279 
17 46 -0.25 10.00 5.00 -0.483 
18 46 -0.25 10.00 5.00 -0.471 
19 46 o.oo 1.00 0.00 -0.255 
20 46 o.oo 1.00 0.00 -0.049 
21 46 o.oo 1.00 0.00 0.000 
22 46 o.oo 1.00 0.00 0.000 
23 46 o.oo 1.00 0.00 -0.049 
24 46 -0.20 10.00 5.00 -0.170 
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(g/cmA3) (m) (m) (mgal) 
25 46 -0.30 10.00 10.00 -0.483 
26 46 -0.45 10.00 10.00 -0.724 
27 46 -0.45 10.00 15.00 -0.604 
28 46 0.00 1.00 o.oo -0.291 
29 46 0.00 1.00 o.oo 0.000 
30 46 o.oo 1.00 o.oo -0.134 
31 46 -0.25 10.00 5.00 -0.231 
32 46 0.00 1.00 o.oo -0.255 
33 46 0.00 1.00 0.00 -0.082 
34 46 0.00 1.00 o.oo 0.015 
35 46 o.oo 1.00 o.oo 0.040 
36 46 o.oo 1.00 o.oo 0.000 
37 46 o.oo 1.00 o.oo 0.000 
38 46 o.oo 1.00 0.00 0.000 
39 46 o.oo 1.00 0.00 0.000 
40 46 0.00 1.00 0.00 0.000 
1 47 -0.25 10.00 5.00 -0.146 
2 47 o.oo 1.00 0.00 -0.146 
3 47 0.00 1.00 o.oo 0.000 
4 47 o.oo 1.00 0.00 0.000 
5 47 o.oo 1.00 0.00 0.000 
6 47· 0.00 1.00 0.00 0.000 
7 47 0.00 1.00 0.00 -0.024 
8 47 0.00 1.00. 0.00 -0.291 
9 47 -0.45 10 .oo 5.00 -0.291 
10 47 o.oo 1.00 0.00 -0.168 
11 47 o.oo 1.00 o.oo 0.099 
12 47 0.00 1.00 0.00 0.099 
13 47 o.oo 1.00 0.00 0.000 
14 47 o.oo 1.00 0.00 0.000 
15 47 0.00 1.00 o.oo -0.061 
16 47 -0.25 10.00 5.00 -0.279 
17 47 -0.40 10.00 5.00 -0.507 
18 47 -0.40 10.00 5.00 -0.518 
19 47 -0.20 10.00 5.00 -0.303 
20 47 0.00 1.00 0.00 -0.073 
21 47 0.00 1.00 0.00 0.000 
22 47 o.oo 1.00 o.oo 0.000 
23 47 -0.10 10.00 5.00 -0.024 
24 47 -0.20 10.00 10.00 -0.085 
25 47 -0.25 10.00 10.00 -0.255 
26 47 -0.30 10.00 5.00 -0.328 
27 47 0.00 1.00 o.oo -0.267 
28 47 o.oo 1.00 0.00 -0.098 
29 47 o.oo 1.00 0.00 0.000 
30 47 0.00 1. 00 0.00 -0.110 
31 47 -0.20 10.00 5.00 -0.207 
32 47 -0.40 10.00 5.00 -0.315 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
33 47 -0.10 10.00 5.00 -0.207 
34 47 0.00 1.00 0.00 -0.110 
35 47 0.00 1. 00 0.00 0.000 
36 47 0.00 1.00 0.00 0.000 
37 47 o.oo 1.00 0.00 0.000 
38 47 0.00 1.00 0.00 0.000 
39 47 0.00 1.00 0.00 0.000 
40 47 0.00 1.00 0.00 0.000 
1 48 0.00 1. 00 0.00 -0.061 
2 48 0.00 1.00 0.00 -0.061 
3 48 0.00 1.00 0.00 0.000 
4 48 o.oo 1.00 0.00 0.000 
5 48 o.oo 1.00 0.00 0.000 
6 48 0.00 1.00 0.00 0.000 
7 48 0.00 1. 00 0.00 0.000 
8 48 0.00 1.00 0.00 -o .158 
9 48 -0.20 10.00 5.00 -0.158 
10 48 0.00 1.00 o.oo -0.158 
11 48 0.00 1.00 o.oo 0.000 
12 48 0.00 1.00 o.oo 0.000 
13 48 0.00 1.00 o.oo 0.000 
14 48 o.oo 1.00 o.oo 0.000 
15 48 0.00 1.00 o.oo -0.061 
16 48 o.oo 1.00 o.oo -0.219 
17 48 -0.25 10.00 5.00 -0.387 
18 48 -0.30 10.00 5.00 -0.399 
19 48 -0.10 10.00 5.00 -0.243 
20 48 0.00 1.00 o.oo -0.073 
21 48 o.oo 1.00 o.oo 0.000 
22 48 0.00 1.00 o.oo 0.000 
23 48 0.00 1.00 o.oo 0.000 
24 48 o.oo 1. 00 0.00 0.000 
25 48 0.00 1.00 0.00 -0.073 
26 48 0.00 1.00 o.oo -0.073 
27 48 0.00 1.00 o.oo -0.073 
28 48 o.oo 1.00 o.oo 0.000 
29 48 0.00 1.00 o.oo 0.000 
30 48 0.00 1.00 o.oo -0.049 
31 48 0.00 1. 00 o.oo -0.146 
32 48 o.oo 1.00 o.oo -0.255 
33 48 -0.35 10.00 5.00 -0.207 
34 48 o.oo 1.00 o.oo -0.110 
35 48 o.oo 1.00 0.00 0.000 
36 48 0.00 1.00 o.oo 0.000 
37 48 0.00 1.00 0.00 0.000 
38 48 0.00 1. 00 o.oo 0.000 
39 48 o.oo 1.00 0.00 0.000 
40 48 o.oo 1.00 0.00 0.000 
NEW TOWN SIDE 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
1 1 o.oo 1. 00 o.oo 0.000 
2 1 0.00 1.00 0.00 0.000 
3 1 0.00 1.00 0.00 0.000 
4 1 o.oo 1.00 0.00 0.000 
5 1 0.00 1. 00 o.oo 0.000 
6 1 0.00 1.00 o.oo 0.000 
7 1 o.oo 1.00 0.00 0.000 
8 1 0.00 1.00 o.oo 0.000 
9 1 0.00 1.00 0.00 0.000 
10 1 0.00 1.00 0.00 0.000 
11 1 0.00 1.00 0.00 0.000 
12 1 o.oo 1.00 0.00 0.000 
13 1 0.00 1.00 0.00 0.000 
14 1 0.00 1.00 o.oo 0.000 
15 1 0.00 1.00 0.00 -0.024 
16 1 o.oo 1.00 0.00 -0.072 
17 1 0.00 1.00 0.00 -0.120 
18 1 o.oo 1.00 0.00 -0.144 
19 1 o.oo 1.00 0.00 -0.096 
20 1 o.oo 1.00 0.00 -0.048 
21 1 o.oo 1. 00 0.00 0.000 
22 1. o.oo 1.00 0.00 0.000 
1 2 o.oo 1. 00 o.oo 0.000 
2 2 o.oo 1.00 o.oo 0.000 
3 2 0.00 1.00 o.oo 0.000 
4 2 0.00 1.00 0.00 0.000 
5 2 0.00 1.00 0.00 0.000 
6 2 0.00 1. 00 0.00 0.000 
7 2 0.00 1.00 0.00 0.000 
8 2 0.00 1.00 0.00 0.000 
9 2 0.00 1.00 0.00 0.000 
10 2 0.00 1.00 0.00 0.000 
11 2 o.oo 1. 00 0.00 0.000 
12 2 o.oo 1.00 0.00 0.000 
13 2 0.00 1.00 0.00 0.000 
14 2 0.00 1.00 0.00 0.000 
15 2 0.00 1.00 0.00 -0.024 
16 2 -0.10 20.00 5.00 -0.120 
17 2 -0.20 20.00 5.00 -0.263 
18 2 -0;20 20.00 5.00 -0.382 
19 2 -0.20 20.00 5.00 -0.287 
20 2 0.00 1.00 0.00 -0.143 
21 2 0.00 1.00 0.00 0.000 
22 2 o.oo 1. 00 0.00 0.000 
1 3 o.oo 1.00 0.00 0.000 
2 3 0.00 1. 00 0.00 0.000 
3 3 o.oo 1.00 0.00 0.000 
4 3 0.00 1.00 0.00 0.000 
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(g/cm-3) (m) (m) (mgal) 
5 3 o.oo 1.00 0.00 0.000 
6 3 o.oo 1.00 0.00 0.000 
7 3 0.00 1.00 o.oo 0.000 
8 3 0.00 1.00 0.00 0.000 
9 3 0.00 1.00 0.00 0.000 
10 3 0.00 1.00 o.oo 0.000 
11 3 o.oo 1.00 o.oo 0.000 
12 3 0.00 1.00 o.oo 0.000 
13 3 0.00 1.00 o.oo 0.000 
14 3 0.00 1.00 o.oo 0.000 
15 3 0.00 1.00 o.oo -0.024 
16 3 0.00 1.00 o.oo -0.167 
17 3 -0.20 20.00 5.00 -0.405 
18 3 -0.20 20.00 10.00 -0.619 
19 3 -0.20 20.00 10.00 -0.478 
20 3 0.00 1. 00 0.00 -0.239 
21 3 0.00 1.00 0.00 0.000 
22 3 0.00 1.00 0.00 0.000 
1 4 0.00 1.00 o.oo 0.000 
2 4 o.oo 1.00 o.oo 0.000 
3 4 o.oo 1. 00 0.00 0.000 
4 4 o.oo 1.00 o.oo 0.000 
5 4 o.oo 1.00 0.00 0.000 
6 4 o.oo 1.00 0.00 -0.095 
7 4 o.oo 1.00 0.00 -0.095 
8 4 o.oo 1.00 o.oo -0.095 
9 4 o.oo 1.00 0.00 0.000 
10 4 o.oo 1. 00 o.oo 0.000 
11 4 0.00 1.00 o.oo 0.000 
12 4 0.00 1.00 o.oo 0.000 
13 4 0.00 1.00 0.00 0.000 
14 4 o.oo 1. 00 o.oo 0.000 
15 4 0.00 1.00 o.oo 0.000 
16 4 0.00 1.00 o.oo -0.144 
17 4 -0.20 20.00 5.00 -0.428 
18 4 -0.20 20.00 10.00 -0. 713 
19 4 -0.20 20.00 10.00 -0.573 
20 4 0.00 1.00 0.00 -0.286 
21 4 0.00 1.00 0.00 0.000 
22 4 0.00 1.00 0.00 0.000 
1 5 o.oo 1.00 0.00 0.000 
·2 5 0.00 1.00 0.00 0.000 
3 5 o.oo 1.00 0.00 0.000 
4 5 o.oo 1.00 o.oo 0.000 
5 5 0.00 1. 00 0.00 -0.024 
6 5 0.00 1.00 0.00 -0.167 
7 5 -0.20 20.00 10.00 -0.167 
8 5 0.00 1.00 o.oo -0.143 
- - -- ---------------
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cm~3) (m) (m) (mgal) 
9 5 o.oo 1. 00 0.00 0.000 
10 5 0.00 1.00 0.00 0.000 
11 5 0.00 1.00 0.00 -0.072 
12 5 o.oo 1.00 0.00 -0.072 
13 5 o.oo 1. 00 o.oo -0.072 
14 5 o.oo 1. 00 o.oo 0.000 
15 5 o.oo 1. 00 o.oo 0.000 
16 5 o.oo 1.00 o.oo -0.119 
17 5 -0.20 20.00 5.00 -0.356 
18 5 -0.20 20.00 10.00 -0.593 
19 5 -0.20 20.00 10.00 -0.476 
20 5 o.oo 1.00 o.oo -0.239 
21 5 o.oo 1.00 o.oo 0.000 
22 5 o.oo 1.00 o.oo 0.000 
1 6 o.oo 1.00 o.oo 0.000 
2 6 o.oo 1.00 o.oo 0.000 
3 6 o.oo 1.00 o.oo 0.378 
4 6 0.00 1.00 o.oo 0.378 
5 6 0.00 1.00 o.oo 0.064 
6 6 -0.10 20.00 5.00 -0.675 
7 6 -0.20 20.00 5.00 -0.675 
8 6 o.oo 1.00 o.oo -0.361 
9 6 o.oo 1.00 o.oo 0.066 
10 6 0.00 1.00 o.oo 0.066 
11 6 0.00 1.00 o.oo -0.149 
12 6 -0.30 20.00 5.00 -0.215 
13 6 0.00 1. 00 o.oo -0.215 
14 6 o.oo 1.00 o.oo 0.000 
15 6 o.oo 1.00 o.oo 0.000 
16 6 0.00 1.00 o.oo -0.072 
17 6 -0.10 20.00 5.00 -0.237 
18 6 -0.20 20.00 5.00 -0.379 
19 6 -0.10 20.00 10.00 -0.309 
20 6 0.00 LOO o.oo -0.143 
21 6 0.00 1.00 o.oo 0.000 
22 6 0.00 1.00 0.00 0.000 
1 1 o.oo 1.00 o.oo -0.072 
2 7 0.00 1.00 o.oo 0.306 
3 7 o.oo 1. 00 0.00 0.764 
4 7 0.10 1.00 20.00 0.861 
5 1 0.00 1.00 o.oo -0.313 
6 7 -0.40 10.00 15.00 -1.422 
7 7 -0.30 10.00 15.00 -1. 449 
8 7 0.00 1.00 0.00 -0.586 
9 7 o.oo 1.00 0.00 0.199 
10 7 0.10 1.00 15.00 0 .199 
11 7 o.oo 1.00 0.00 -0.083 
12 7 -0.30 20.00 10.00 -0.215 
.. ,., 
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COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. 
(g/cmA3) (m) (m) (mgal) 
13 7 0.00 1.00 o.oo -0.215 
14 7 0.00 1.00 o.oo 0.000 
15 7 0.00 1.00 o.oo 0.027 
16 7 o.oo 1.00 o.oo 0 .136 
17 7 o.oo 1.00 o.oo 0.196 
18 7 -0.10 20.00 5.00 0.255 
19 7 o.oo 1.00 o.oo 0.305 
20 7 o.oo 1.00 0.00 0.244 
21 7 0.00 1.00 o.oo 0.159 
22 7 o.oo 1.00 o.oo 0.000 
1 8 o.oo 1.00 o.oo -0.215 
2 8 -0.30 20.00 5.00 0.919 
3 8 0.10 1.00 20.00 1. 509 
4 8 0.10 1.00 10.00 1.776 
5 8 0.10 1.00 5.00 -0.275 
6 8 -0.50 10.00 20.00 -1. 686 
7 8 -0.40 10.00 20.00 -1.661 
8 8 o.oo 1.00 o.oo -0.677 
9 8 0.10 1.00 15.00 0.278 
10 8 0.10 1.00 15.00 0.199 
11 8 o.oo 1.00 o.oo -0.011 
12 ·a o.oo 1.00 0.00 -o .143 
13 8 o.oo 1.00 0.00 -0.143 
14 8 o.oo 1.00 o.oo 0.000 
15 8 o.oo 1.00 0.00 0.027 
16 8 0.10 1.00 5.00 0.226 
17 8 0.20 1.00 15.00 0.467 
18 8 0.20 1.00 15.00 0. 705 
19 8 0.20 1.00 15.00 0.744 
20 8 0.20 1.00 10.00 0.503 
21 8 o.oo 1. 00 o.oo 0.238 
22 8 o.oo 1.00 o.oo 0.000 
1 9 o.oo 1. 00 0.00 -0.358 
2 9 -0.30 20.00 10.00 1.532 
3 9 0.20 1. 00 20.00 2.500 
4 9 0.20 1.00 15.00 2.975 
5 9 0.10 1.00 5.00 0.459 
6 9 -0.30 10.00 10.00 -1. 113 
7 9 -0.30 10.00 15.00 -1.153 
8 9 0~10 1.00 10.00 -0.459 
9 9 o.oo 1.00 0.00 0.212 
10 9 0.00 1.00 o.oo 0 .133 
11 9 0.00 1.00 0.00 0.066 
12 9 0.00 1.00 0.00 0.000 
13 9 0.00 1.00 0.00 0.000 
14 9 0.00 1.00 0.00 0.000 
15 9 0.00 1.00 0.00 0.027 
16 9 0.00 1.00 o.oo 0.226 
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(g/cmA3) (m) (m) (mgal) 
17 9 0.10 1.00 15.00 0.491 
18 9 0.20 1.00 15.00 0.729 
19 9 0.20 1.00 15.00 0.768 
20 9 0.10 1.00 10.00 0.503 
21 9 o.oo 1.00 o.oo 0.238 
22 9 0.00 1.00 o.oo 0.000 
1 10 0.00 1.00 0.00 -0.430 
2 10 -0.30 20.00 10.00 1.216 
3 10 0.20 1.00 20.00 2.170 
4 10 0.20 1.00 20.00 2.689 
5 10 0.10 1.00 15.00 0.901 
6 10 0.00 1.00 o.oo -0.270 
7 10 0.00 1.00 o.oo -0.382 
8 10 0.00 1.00 0.00 -0.333 
9 10 0.00 1.00 0.00 -0.115 
10 10 0.00 1.00 o·.oo -0.097 
11 10 0.00 1.00 o.oo 0.000 
12 10 0.00 1.00 0.00 0.000 
13 10 o.oo 1.00 0.00 0.000 
14 10 0.00 1.00 0.00 -0.048 
15 10 0.00 1.00 0.00 -0.191 
16 10 0.00 1.00 o.oo -0.316 
17 10 0.00 1.00 o.oo -0.279 
18 10 0.00 1. 00 o.oo -0.003 
19 10 0.00 1. 00 0.00 0.201 
20 10 0.00 1. 00 o.oo 0.212 
21 10 0.00 1. 00 0.00 0.079 
22 10 o.oo 1.00 0.00 0.000 
1 11 0.00 1.00 o.oo -0.357 
2 11 -0.30 20.00 10.00 0.665 
3 11 0.20 1.00 15.00 1.567 
4 11 0.10 1.00 15.00 1. 986 
5 11 0.00 1.00 o.oo 0.944 
6 11 0.00 1.00 o.oo -0.007 
7 11 0.00 1.00 o.oo -0.364 
8 11 -0.20 10.00 10.00 -0.632 
9 11 -0.20 10.00 10.00 -0.655 
10 11 0.00 1.00 0.00 -0.411 
11 11 0.00 1.00 0.00 -0.170 
12 11 0.00 1.00 o.oo -0.097 
13 11 0.00 1.00 0.00 -0.049 
14 11 o.oo 1.00 o.oo -0.048 
15 11 -0.10 20.00 10.00 -0.215 
16 11 -0.30 20.00 10.00 -0.405 
17 11 -0.40 20.00 10.00 -0.572 
18 11 -0.30 20.00 10.00 -0.406 
19 11 0.00 1.00 0.00 -0.216 
20 11 o.oo 1.00 o.oo 0.000 
' ,.,,... . 
" -\ ,..,., I 
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(g/cmA3) (m) (m) (mgal) 
21 11 o.oo 1.00 o.oo 0.000 
22 11 o.oo 1.00 0.00 0.000 
1 12 0.00 1.00 o.oo -0.215 
2 12 -0.30 20.00 5.00 0.077 
3 12 0.20 1.00 15.00 0.222 
4 12 0.10 1. 00 10.00 0.464 
5 12 o.oo 1.00 0.00 0.175 
6 12 -0.10 10.00 5.00 -0.019 
7 12 -0.20 10.00 5.00 -0.361 
8 12 -0.40 10.00 10.00 -0.849 
9 12 -0.40 10.00 10.00 -0.969 
10 12 -0.30 10.00 5.00 -0.726 
11 12 -0.20 10.00 5.00 -0.291 
12 12 -0.20 10.00 5.00 -0.122 
13 12 0.00 1.00 0.00 -0.049 
14 12 0.00 1. 00 o.oo -0.048 
15 12 o.oo 1.00 o.oo -0.215 
16 12 -0.10 10.00 5.00 -0.405 
17 12 0.00 1.00 o.oo -0.667 
18 12 -0.30 10.00 5.00 -0.502 
19 12 0.00 1.00 o.oo -0.312 
20 12 o.oo 1.00 o.oo 0.000 
21 12 0.00 1. 00 o.oo 0.000 
22 12 0.00 1.00 o.oo 0.000 
1 13 0.00 1.00 o.oo -0.072 
2 13 0.00 1.00 o.oo 0.088 
3 13 0.10 1. 00 5.00 0.194 
4 13 o.oo 1.00 0.00 0.292 
5 13 0.10 1. 00 5.00 0 .163 
6 13 0.10 1.00 5.00 0.008 
7 13 0.00 1. 00 0.00 -0.721 
8 13 -0.10 10.00 5.00 -1. 332 
9 13 -0.40 10.00 10.00 -1.548 
10 13 -0.20 10.00 10.00 -0.920 
11 13 -0.10 10.00 5.00 -0.388 
12 13 0.00 1.00 o.oo -0.122 
13 13 0.00 1.00 o.oo -0.049 
14 13 0.00 1.00 o.oo 0.000 
15 13 0.00 1.00 o.oo -0.024 
16 13 o.oo 1.00 o.oo -0.024 
17 13 0.00 1.00 0.00 -0.242 
18 13 -0.40 10.00 5.00 -0.218 
19 13 0.00 1.00 0.00 -0.218 
20 13 0.00 1.00 0.00 0.000 
21 13 0.00 1.00 0.00 0.000 
22 13 0.00 1.00 o.oo 0.000 
1 14 0.00 1.00 0.00 0.000 
2 14 0.00 1.00 o.oo 0.027 
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3 14 0.00 1.00 0.00 0.030 
4 14 0.10 1.00 5.00 0.033 
5 14 o.oo 1.00 0.00 -0.038 
6 14 0.10 1. 00 5.00 -0.235 
7 14 0.00 1.00 o.oo -0.815 
8 14 -0.50 10.00 20.00 -1. 305 
9 14 -0.40 10.00 10.00 -1. 278 
10 14 -0.20 10.00 10.00 -0.567 
11 14 o.oo 1.00 0.00 -0.033 
12 14 0.00 1.00 o.oo 0,267 
13 14 o.oo 1. 00 0.00 0.265 
14 14 0.00 1.00 0.00 0.398 
15 14 0.00 1.00 0.00 0.265 
16 14 0.00 1.00 o.oo 0 .133 
17 14 0.00 1.00 0.00 -0.066 
18 14 -0.20 20.00 5.00 -0.066 
19 14 0.00 1.00 0.00 -0.066 
20 14 0.00 1.00 o.oo 0.000 
21 14 0.00 1. 00 0.00 0.000 
22 14 0.00 1.00 o.oo 0.000 
1 15 o.oo 1.00 o.oo 0.000 
2 15 0.00 1.00 o.oo 0.000 
3 15 0.00 1.00 o.oo 0.003 
4 15 -0.10 10.00 5.00 -0.022 
5 15 -0.10 10.00 5.00 -0.116 
6 15 -0.20 10.00 10.00 -0.336 
7 15 -0.40 10.00 10.00 -0.864 
8 15 -0.30 10.00 5.00 -1.110 
9 15 -0.30 10.00 10.00 -0.898 
10 15 0.10 1.00 5.00 0.570 
11 15 0.20 1. 00 1.0.00 0.911 
12 15 0.00 1.00 0.00 1.126 
13 15 0.20 1.00 15.00 0.344 
14 15 0.20 1.00 15.00 0.477 
15 15 0.20 1.00 15.00 0.265 
16 15 0.00 1.00 0.00 0.133 
17 15 0.00 1.00 0.00 0.409 
18 15 0.10 1.00 10.00 0.409 
19 15 o.oo 1.00 0.00 0.409 
20 15 o.oo 1.00 o.oo 0.000 
21 15 0.00 1.00 0.00 0.000 
22 15 0.00 1.00 0.00 0.000 
1 16 0.00 1.00 0.00 0.000 
2 16 0.00 1. 00 0.00 0.000 
3 16 0.00 1.00 0.00 -0.024 
4 16 0.00 1.00 o.oo -0.049 
5 16 0.00 1.00 0.00 -0.170 
6 16 -o .10 · 10.00 5.00 -0.363 
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7 16 -0.10 10.00 5.00 
-0.252 
8 16 o.oo 1.00 0.00 -0.145 
9 16 o.oo 1.00 0.00 0 .165 
10 16 0.10 1.00 15.00 0.995 
11 16 0.20 1.00 20.00 1.008 
12 16 o.oo 1.00 o.oo 1.126 
13 16 0.10 1.00 10.00 0.344 
14 16 0.00 1.00 o.oo 0.454 
15 16 o.oo 1.00 o.oo 0.171 
16 16 o.oo 1.00 o.oo 0.013 
17 16 0.00 1. 00 o.oo 0.364 
18 16 0.10 1.00 20.00 0.435 
19 16 0.00 1.00 0.00 0.457 
20 16 0.00 1.00 0.00 0.000 
21 16 0.00 1. 00 0.00 0.000 
22 16 o.oo 1.00 o.oo 0.000 
1 17 0.00 1. 00 o.oo 0.000 
2 17 0.00 1. 00 0.00 0.000 
3 17 0.00 1. 00 o.oo 0.000 
4 17 0.00 1.00 0.00 0.000 
5 17 0.00 1. 00 0.00 -0.024 
6 17 0.00 1.00 0.00 0.110 
7 17 0.00 1.00 o.oo 0.402 
8 17 0.20 1.00 10.00 0.637 
9 17 0.20 1.00 15.00 0.524 
10 17 o.oo 1.00 o.oo 0.846 
11 17 o.oo 1.00 0.00 0.633 
12 17 0.00 LOO o.oo 0.692 
13 17 0.00 1.00 0.00 0.079 
14 17 0.00 1.00 o.oo 0.032 
15 17 -0.10 20.00 5.00 -0.215 
16 17 -0.30 20.00 5.00 -0.285 
17 17 -0.10 20.00 5.00 0.142 
18 17 o.oo 1. 00 o.oo 0.309 
19 17 0.00 1. 00 o.oo 0.378 
20 17 0.00 1.00 o.oo 0.000 
21 17 o.oo 1.00 o.oo 0.000 
22 17 o.oo 1.00 0.00 0.000 
1 18 0.00 1.00 0.00 0.000 
2 18 0.00 1.00 0.00 0.000 
3 18 0.00 1.00 o.oo 0.000 
4 18 o.oo 1.00 o.oo 0.000 
5 18 o.oo 1.00 o.oo 0.079 
6 18 o.oo LOO 0.00 0.317 
7 18 0.20 1.00 10.00 0.608 
8 18 0.20 1.00 15.00 0.671 
9 18 0.10 1.00 10.00 0.030 





COLUMN ROW DEN. CON. DEPTH THICKNESS CALC. GRAV. (g/cm~3) (m) (m) (mgal) 
11 18 -0.30 20.00 10.00 
-0.617 
12 18 o.oo 1.00 0.00 -0.215 
13 18 0.00 1.00 o.oo 
-0.024 
14 18 0.00 1.00 0.00 
-0.120 
15 18 -0.10 20.00 5.00 -0.308 
16 18 -0.20 20.00 10.00 -0.355 
17 18 -0.20 20.00 5.00 -0.262 
18 18 o.oo 1.00 0.00 -0.072 
19 18 o.oo 1.00 o.oo 0.000 
20 18 o.oo 1.00 o.oo 0.000 
21 18 o.oo 1. 00 o.oo 0.000 
22 18 o.oo 1.00 o.oo 0.000 
1 19 o.oo 1.00 0.00 0.000 
2 19 0.00 1.00 0.00 0.000 
3 19 0.00 1.00 0.00 0.000 
4 19 0.00 1.00 0.00 0.066 
5 19 0.00 1.00 o.oo 0.146 
6 19 0.10 1.00 10.00 0.384 
7 19 0.10 1. 00 10.00 0.427 
8 19 0.00 1.00 o.oo 0.334 
9 19 -0.30 20.00 5.00 -0.356 
10 19 -0.50 20.00 15.00 -0.699 
11 19 -0.30 20.00 5.00 -0.685 
12 19 0.00 1.00 o.oo -0.238 
13 19 0.00 1.00 o.oo -0.024 
14 19 -0.10 20.00 5.00 -0.096 
15 19 -0.20 20.00 5.00 -0.213 
16 19 -0.10 20.00 5.00 -0.237 
17 19 o.oo 1.00 0.00 -0.166 
18 19 o.oo 1.00 o.oo -0.048 
19 19 o.oo 1.00 0.00 0.000 
20 19 o.oo 1.00 o.oo 0.000 
21 19 0.00 1.00 0.00 -0.024 
22 19 0.00 1.00 0.00 -0.024 
1 20 0.00 1.00 0.00 0.000 
2 20 0.00 1. 00 0.00 0.000 
3 20 o.oo 1.00 0.00 0.000 
4 20 o.oo 1.00 0.00 0.066 
5 20 0.10 1. 00 15.00 0.146 
6 20 0.00 1.00 0.00 0.225 
7 20 0.00 1.00 0.00 0.136 
8 20 -0.10 20.00 5.00 -0.040 
9 20 -0.10 20.00 5.00 -0.520 
10 20 -0.20 20.00 5.00 -0.589 
11 20 -0.10 20.00 5.00 -0.496 
12 20 0.00 1.00 0.00 -0.096 
13 20 0.00 1. 00 0.00 -0.024 
14 20 0.00 1.00 0.00 -0.072 
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15 20 0.00 1.00 o.oo 
-0.096 
16 20 0.00 1. 00 o.oo 
-0.072 
17 20 0.00 1.00 0.00 
-0.024 
18 20 0.00 1.00 o.oo 0.000 
19 20 0.00 1.00 o.oo 0.000 
20 20 0.00 1.00 o.oo 0.000 
21 20 0.00 1.00 0.00 -0.024 
22 20 -0.10 20.00 5.00 -0.024 
1 21 0.00 1.00 0.00 0.000 
2 21 o.oo 1.00 o.oo 0.000 
3 21 o.oo 1.00 o.oo 0.000 
4 21 0.00 1.00 o.oo 0.066 
5 21 o.oo 1.00 o.oo 0.066 
6 21 0.00 1.00 o.oo 0.066 
7 21 0.00 1.00 o.oo -0.024 
8 21 0.00 1.00 o.oo -0.048 
9 21 0.00 1.00 0.00 -0.096 
10 21 0.00 1.00 o.oo -0.096 
11 21 0.00 1.00 o.oo -0.072 
12 21 0.00 1.00 o.oo -0.024 
13 21 0.00 1. 00 0.00 0.000 
14 2"1 0.00 1.00 0.00 0.000 
15 21 0.00 1.00 o.oo 0.000 
16 21 o.oo 1.00 o.oo 0.000 
17 21 o.oo 1.00 o.oo 0.000 
18 21 0.00 1.00 o.oo 0.000 
19 21 0.00 1.00 o.oo 0.000 
20 21 0.00 1. 00 o.oo 0.000 
21 21 0.00 1.00 o.oo -0.024 
22 21 0.00 1.00 o.oo -0.024 
1 22 o.oo 1.00 o.oo 0.000 
2 22 0.00 1.00 0.00 0.000 
3 22 0.00 1.00 0.00 0.000 
4 22 0.00 1.00 0.00 0.000 
5 22 0.00 1.00 0.00 0.000 
6 22 0.00 1. 00 o.oo 0.000 
7 22 0.00 1.00 o.oo 0.000 
8 22 0.00 1.00 0.00 0.000 
9 22 0.00 1.00 o.oo 0.000 
10 22 0~00 1.00 0.00 0.000 
11 22 0.00 1.00 o.oo 0.000 
12 22 o.oo 1.00 0.00 0.000 
13 22 0.00 1.00 o.oo 0.000 
14 22 0.00 1. 00 0.00 0.000 
15 22 0.00 1.00 0.00 0.000 
16 22 o.oo 1.00 o.oo 0.000 
17 22 0.00 1.00 0.00 0.000 
18 22 o.oo 1.00 o.oo 0.000 
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(g/cmh3) (m) (m) (mgal) 
19 22 0.00 1.00 0.00 0.000 
20 22 0.00 1.00 0.00 0.000 
21 22 0.00 1.00 0.00 0.000 
22 22 0.00 1.00 o.oo 0.000 
1 23 0.00 1.00 o.oo 0.000 
2 23 0.00 1.00 o.oo 0.000 
3 23 0.00 1.00 o.oo 0.000 
4 23 0.00 1. 00 0.00 0.000 
5 23 0.00 1.00 0.00 0.000 
6 23 0.00 1.00 o.oo 0.000 
7 23 0.00 1.00 0.00 0.000 
8 23 0.00 1.00 0.00 0.000 
9 23 0.00 1.00 0.00 0.000 
10 23 0.00 1.00 0.00 0.000 
11 23 0.00 1.00 0.00 0.000 
12 23 0.00 1.00 0.00 0.000 
13 23 0.00 1.00 0.00 0.000 
14 23 0.00 1.00 0.00 0.000 
15 23 0.00 1.00 0.00 0.000 
16 23 0.00 1.00 0.00 0.000 
17 23 o.oo 1.00 0.00 0.000 
18 23 o.oo 1.00 0.00 0.000 
19 23 0.00 1.00 0.00 0.000 
20 23 0.00 1.00 0.00 0.000 
21 23 o.oo 1.00 0.00 0.000 
22 23 0.00 1.00 0.00 0.000 
1 24 0.00 1.00 0.00 0.000 
2 24 0.00 1.00 0.00 0.000 
3 24 0.00 1.00 0.00 0.000 
4 24 0.00 1.00 o.oo 0.000 
5 24 0.00 1.00 0.00 0.000 
6 24 0.00 1.00 0.00 0.000 
7 24 0.00 1.00 0.00 0.000 
8 24 0.00 1.00 0.00 0.000 
9 24 0.00 1.00 0.00 0.000 
10 24 o.oo 1.00 o.oo 0.000 
11 24 0.00 1.00 0.00 0.000 
12 24 o.oo 1. 00 0.00 0.000 
13 24 0.00 1. 00 0.00 0.000 
14 24 0.00 1.00 0.00 0.000 
15 24 0.00 1.00 o.oo 0.000 
. 16 24 0.00 1.00 0.00 0.000 
17 24 0.00 1.00 0.00 0.000 
18 24 0.00 1.00 0.00 0.000 
19 24 0.00 1.00 0.00 0.000 
20 24 0.00 1.00 0.00 0.000 
21 24 0.00 1.00 0.00 0.000 
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